
 
This document gives pertinent information concerning the reissuance of the VPDES Permit listed below.  This permit is 
being processed as a Minor, Municipal permit.  The discharge results from the operation of a 0.014 MGD wastewater 
treatment plant.  This permit action consists of updating the WQS and updating boilerplate.  The effluent limitations and 
special conditions contained in this permit will maintain the Water Quality Standards of 9 VAC 25-260-00 et seq. 
 
1. Facility Name and Mailing 

Address:   
Locust Grove Elementary 
School Wastewater Treatment 
Plant, 200 Dailey Drive, 
Orange, VA  22960 

SIC Code : 4952 WWTP 

 Facility Location:  31230 Constitution Highway 
Orange, VA  22960 

County: Orange 

 Facility Contact Name: Mr. Roy Walton, Acting 
Superintendent 

Telephone Number: (540) 661-4550 

2. Permit No.: VA0078131 Expiration Date of 
previous permit: November 2, 2008 

 Other VPDES Permits associated with this facility: N/A 

 Other Permits associated with this facility: N/A 

 E2/E3/E4 Status:  N/A  

3. Owner Name:   Orange County School Board 

 Owner Contact/Title: Mr. Roy Walton, Acting 
Superintendent Telephone Number: (540) 661-4550 

4. Application Complete Date: May 8, 2008 
 Permit Drafted By: Joan C. Crowther Date Drafted: 12/9/08 
 Draft Permit Reviewed By:  Alison Thompson Date Reviewed: 12/15/08 
 Public Comment Period : Start Date: 1/29/09 End Date: 2/27/09 

5. Receiving Waters Information: See Attachment 1 for the Flow Frequency Determination 
 Receiving Stream Name : Cormack Run, UT   
 Drainage Area at Outfall:  0.04 sq.mi. River Mile: 0.9 
 Stream Basin: Rappahannock River Subbasin: None 
 Section: N/A Stream Class: III 
 Special Standards: None Waterbody ID: VAN-E17R 
 7Q10 Low Flow: 0.0 MGD 7Q10 High Flow: 0.0 MGD 
 1Q10 Low Flow: 0.0  MGD 1Q10 High Flow: 0.0 MGD 
 Harmonic Mean Flow: 0.0 MGD 30Q5 Flow: 0.0 MGD 
 303(d) Listed: Yes 30Q10 Flow: 0.0 MGD 
 TMDL Approved:          Yes Date TMDL Approved: April 28, 2008 

6. Statutory or Regulatory Basis for Special Conditions and Effluent Limitations: 
   State Water Control Law  EPA Guidelines 
   Clean Water Act Water Quality Standards 
   VPDES Permit Regulation   
   EPA NPDES Regulation   
7. Licensed Operator Requirements: Class IV    
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8. Reliability Class: Class II 
9. Permit Characterization:  
   

 
Private  

 
Effluent Limited  Possible Interstate Effect 

   
 
Federal  

 
Water Quality Limited  Compliance Schedule Required 

   
 
State  

 
Toxics Monitoring Program Required  Interim Limits in Permit 

   
 
POTW  

 
Pretreatment Program Required  

 
Interim Limits in Other Document 

  TMDL    

 
10. Wastewater Sources and Treatment  Description: 

 
 The wastewater flow from the middle school discharges into two septic tanks operated in series prior to facility’s 

pump station where it joins the wastewater from the elementary school.  The wastewater flows through a bar screen 
and then into an equalization basin.  The wastewater then enters a splitter box dividing the flow between two 
extended aeration basin plants, including screening, aeration basins, clarification, and aerobic digestion.  Wastewater 
from both extended aeration facilities is joined to be treated by chlorination, dechlorination and post aeration prior to 
its discharge into the unnamed tributary to Cormack Run.  
 
On November 9, 2003, a Certificate to Operate (CTO) was issued for the addition of a duplex pump station and an 
additional 7,500 gallon per day extended aeration basin, with flow equalization and sludge holding tank.  New 
chlorine disinfection and dechlorination units to serve both treatment trains were also installed.  The complete 
sewage treatment works was rated at a flow capacity of 0.014 MGD with the issuance of this CTO.   
 

 See Attachment 2 for a facility diagram. 
 

TABLE 1 – Outfall Description 

Outfall 
Number Discharge Sources Treatment Design Flow  

Outfall 
Latitude and 

Longitude 

001 Domestic Wastewater See Item 10 above. 0.014 MGD 38ο 17’ 45”   N 
77ο 49’ 53”  W 

See Attachment 3 for Mine Run (DEQ #180D) topographic map.  
 

11. Sludge Treatment and Disposal Methods: 
 
The sludge from the wastewater treatment plant is transported to the Spotsylvania County’s Massaponax 
Wastewater Treatment Plant is located at 10900 HCC Drive, Fredericksburg, Virginia, 22408.  Approximately 0.25 
dry metric tons per a 365-day period is transported from this wastewater treatment plant to be treated. 

 
12.   Discharges and  Monitoring Stations in Vicinity of Discharge  
 

TABLE 2  

Permit Number or 
Stream ID Number 

 
VPDES Permit Facility or Stream Monitoring Station Description 

VAR051746 Colonial Pipeline – Locust Grove, Industrial Discharge (oil and water separator); 
Facility discharges into an unnamed tributary to Mine Run  

3-MIR004.05 
DEQ Ambient Water Monitoring Station located on Mine Run (Latitude and Longitude 
38º 20’ 36” / 77º 55’ 33”); approximately 7.4 river miles downstream of Locust Grove 
Elementary School’s Discharge point. 
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13.  Material Storage: 
 

TABLE 3 - Material Storage 

Materials Description Volume Stored Spill/Stormwater Prevention 
Measures  

Chlorination tablets 
 

100 lbs. Stored in building on-site 
 

Dechlorination tablets 
 

100 lbs. Stored in building on-site 

Soda Ash 
 

200 lbs. (max) Stored in building on-site 
 

14.  Site Inspection: Performed by Terry Nelson, NRO Water Compliance Inspector on April 20, 2005. (See 
Attachment 4). 

 
15. Receiving Stream Water Quality and Water Quality Standards: 
 

a)           Ambient Water Quality Data 
 
DEQ has no ambient water quality monitoring data for the receiving stream (Cormack Run, UT).  The 
nearest downstream monitoring station is a DEQ ambient water quality monitoring station (3-MIR004.05) 
located on Mine Run at State Route 611, approximately 7.37 miles downstream from Locust Grove 
Wastewater Treatment Plant’s discharge point. Cormack Run is a tributary to Mine Run.  Included in the 
2009 permit reissuance file is the April 2000 through June 2005 ambient water quality monitoring data for 
this station.  Sampling of this watershed station ended in 2005 but will be reactivated as a watershed station 
in 2009.  The ambient water quality monitoring data for Mine Run at Route 611 for average hardness (27 
mg/l), 90th percentile temperature (22ºC) and 90th percentile pH (7.29 S.U.) was used to determine the water 
quality criteria and wasteload allocation analysis for this facility.  This Mine Run ambient water quality data 
was not used in any permit calculations due to the long distance (7.37 miles) from the facility’s discharge 
point. 
 
The receiving stream, Cormack Run, UT, discharges into Cormack Run, which in turn discharges into Mine 
Run.  Mine Run at segment VAN-E17R_MIR01A00 is listed as impaired for E. coli bacteria.  Sufficient 
excursions from the instantaneous E. coli bacteria criterion (7 of 19 samples - 36.8%) were recorded at 
DEQ's ambient water quality monitoring station (3-MIR004.05) at the Route 611 crossing to assess this 
stream segment as not supporting of the recreation use goal for the 2008 water quality assessment. 

 
 See Attachment 5 for the Planning Statement. 
 

b)          Receiving Stream Water Quality Criteria 
 

Part IX of 9 VAC 25-260(360-550) designates classes and special standards applicable to defined Virginia 
river basins and sections.  The receiving stream, Cormack Run, UT is located within Section 4 of the 
Rappahannock River Basin, and classified as a Class III water.   
 
At all times, Class III waters must achieve a dissolved oxygen (D.O.) of 4.0 mg/L or greater, a daily 
average D.O. of 5.0 mg/L or greater, a temperature that does not exceed 32°C, and maintain a pH of 6.0-9.0 
standard units (S.U.).  
 
Attachment 6 details other water quality criteria applicable to the receiving stream. 
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Ammonia:  
 
The 7Q10 and 1Q10 of the receiving stream are 0.0 MGD.  In cases such as this, effluent pH and 
temperature data may be used to establish the ammonia water quality standard. See Attachment 7.  The 
monthly maximum effluent pH data was used to determine the 90th percentile value (7.7 S.U. date from 
January 2000 through October 2008).  Because no effluent temperature values were available, the default 
value of 25ºC was used.  
 
Metals Criteria:  
 
The Water Quality Criteria for some metals are dependent on the receiving stream’s hardness (expressed as 
mg/l calcium carbonate).  The 7Q10 of the receiving stream is zero and no ambient data is available, the 
effluent data for hardness can be used to determine the metals criteria. The hardness-dependent metals 
criteria in Attachment 8 are based on an effluent value of 88.6 mg/L.  This hardness value was determined 
by averaging the effluent hardness data collected from February 1994 to April 1998. 
 
Bacteria Criteria:  
 
The Virginia Water Quality Standards (9 VAC 25-260-170 B.) states sewage discharges shall be disinfected 
to achieve the following criteria:    
 
1) E. coli bacteria per 100 ml of water shall not exceed the following: 

 
Geometric Mean1 Single Sample Maximum 

Freshwater E. coli (N/100 ml) 126 235 
1For two or more samples [taken during any calendar month]. 

 
 c)       Receiving Stream Special Standards   
 

The State Water Control Board's Water Quality Standards, River Basin Section Tables (9 VAC 25-260-360, 370 
and 380) designate the river basins, sections, classes, and special standards for surface waters of the 
Commonwealth of Virginia.  The receiving stream, Cormack Run, UT, is located within Section 4 of the 
Rappahannock River Basin.  This section has no special standards designations. 

 
d)      Threatened or Endangered Species 

 
The Virginia DGIF Fish and Wildlife Information System Database was searched on November 13, 2008 
for records to determine if there are threatened or endangered species in the vicinity of the discharge.  No 
threatened or endangered species were identified. See Attachment 9.  
 

16. Antidegradation (9 VAC 25-260-30): 
 
All state surface waters are provided one of three levels of antidegradation protection.  For Tier 1 or existing use 
protection, existing uses of the water body and the water quality to protect these uses must be maintained.  Tier 2 
water bodies have water quality that is better than the water quality standards.  Significant lowering of the water 
quality of Tier 2 waters is not allowed without an evaluation of the economic and social impacts.  Tier 3 water bodies 
are exceptional waters and are so designated by regulatory amendment.  The antidegradation policy prohibits new or 
expanded discharges into exceptional waters.  

 
The receiving stream has been classified as Tier 1 due to the 7Q10 flow of 0.0 MGD.  Permit limits proposed have 
been established by determining wasteload allocations which will result in attaining and/or maintaining all water 
quality criteria which apply to the receiving stream, including narrative criteria.  These wasteload allocations will 
provide for the protection and maintenance of all existing uses.   
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17. Effluent Screening, Wasteload Allocation, and Effluent Limitation Development : 
 

To determine water quality-based effluent limitations for a discharge, the suitability of data must first be determined.  
Data is suitable for analysis if one or more representative data points is equal to or above the quantification level 
("QL") and the data represent the exact pollutant being evaluated.  
 
Next, the appropriate Water Quality Standards (WQS) are determined for the pollutants in the effluent. Then, the 
Wasteload Allocations (WLA) are calculated. In this case since the critical flows 7Q10 and 1Q10 have been 
determined to be zero, the WLA’s are equal to the WQS.  The WLA values are then compared with available effluent 
data to determine the need for effluent limitations.  Effluent limitations are needed if the 97th percentile of the daily 
effluent concentration values is greater than the acute wasteload allocation or if the 97th percentile of the four-day 
average effluent concentration values is greater than the chronic wasteload allocation.  Effluent limitations are based 
on the most limiting WLA, the required sampling frequency, and statistical characteristics of the effluent data.   
 
a) Effluent Screening:  
 

No additional effluent testing was required to be analyzed for this facility so no additional pollutants require a 
wasteload allocation analysis.   

 
b) Mixing Zones and Wasteload Allocations (WLAs): 

 
Wasteload allocations (WLAs) are calculated for those parameters in the effluent with the reasonable 
potential to cause an exceedance of water quality criteria.  The basic calculation for establishing a WLA is the 
steady state complete mix equation:  

 
 Co [ Qe + ( f ) (Qs ) ] –  [ ( Cs ) ( f ) ( Qs ) ]  
 WLA =                     Qe  

Where: WLA = Wasteload allocation 
 Co = In-stream water quality criteria 
 Qe = Design flow 
 Qs = Critical receiving stream flow  

(1Q10 for acute aquatic life criteria; 7Q10 for chronic aquatic life criteria; harmonic mean for 
carcinogen-human health criteria; and 30Q5 for non-carcinogen human health criteria) 

 f = Decimal fraction of critical flow 
 Cs = Mean background concentration of parameter in the receiving 

stream. 
 

The water segment receiving the discharge via Outfall 001 is considered to have a 7Q10 and 1Q10 of 0.0 
MGD.  As such, there is no mixing zone and the WLA is equal to the Co.   
 
Staff derived wasteload allocations where parameters are reasonably expected to be present in an effluent 
(e.g., total residual chlorine where chlorine is used as a means of disinfection) and where effluent data 
indicate the pollutant is present in the discharge above quantifiable levels.  With regard to the Outfall 001 
discharge, ammonia as N is likely present since this is a WWTP treating sewage and total residual chlorine 
may be present since chlorine is used for disinfection.  As such, Attachment 6 details the WLA derivations for 
these pollutants.   

 
c) Effluent Limitations Toxic Pollutants, Outfall 001 –  
 

9 VAC 25-31-220.D. requires limits be imposed where a discharge has a reasonable potential to cause or 
contribute to an in-stream excursion of water quality criteria.  Those parameters with WLAs that are near 
effluent concentrations are evaluated for limits.   
 
The VPDES Permit Regulation at 9 VAC 25-31-230.D. requires that monthly and weekly average limitations 
be imposed for continuous discharges from POTWs and monthly average and daily maximum limitations be 
imposed for all other continuous non-POTW discharges. 
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1) Ammonia as N/TKN: 
 

Staff used pH data (monthly maximum pH values from January 2000 through October 2008) and 
temperature default value of 25 ºC to derive the ammonia criteria.   
 
Because the effluent flow frequency is intermittent in nature, only the acute ammonia criterion is used to 
determine the ammonia effluent limitation.  Based on this, the ammonia monthly average and weekly 
maximum effluent limitations required to maintain water quality standards in the receiving stream would 
be 14 mg/L.  Since the stream model conducted on August 17, 1998 required a TKN monthly average 
limitation of 8.0 mg/L and a weekly maximum limitation of 12 mg/L to maintain the dissolved oxygen in 
the receiving stream and TKN is the sum of organic nitrogen, ammonia (NH3) and ammonium (NH4

+), 
the TKN effluent limitation of 8.0 mg/L will ensure that the ammonia effluent limitation of 14 mg/L is 
being complied with.  There is no need to include the ammonia monthly or weekly effluent limitation in 
the permit.  See Attachment 10 for the Ammonia effluent limitations calculations.  
 

2) Total Residual Chlorine: 
 
Chlorine is used for disinfection and is potentially in the discharge.  Staff calculated WLAs for TRC 
using current critical flows and the mixing allowance.  In accordance with current DEQ guidance, staff 
used a default data point of 0.2 mg/L and the calculated WLAs to derive limits.  A monthly average of  
0.008 mg/L and a weekly average limit of 0.010 mg/L are proposed for this discharge (see Attachment 
11). 

 
3) Metals/Organics: 
 

No limits are needed.   
 

d) Effluent Limitations and Monitoring, Outfall 001 – Conventional and Non-Conventional Pollutants 
 

No changes to dissolved oxygen (D.O.), carbonaceous biochemical oxygen demand-5 day (CBOD5), total 
suspended solids (TSS), total kjeldahl nitrogen (TKN), and pH limitations are proposed.   
 
Dissolved Oxygen, CBOD5, and TKN limitations are based on the stream modeling conducted in August 17, 
1998 (Attachment 12) and are set to meet the water quality criteria for D.O. in the receiving stream.  Since the 
receiving stream is intermittent and the 7Q10 flow is zero, the stream model was run to maintain a D.O. of 5 
mg/L.  The stream model used a stream length of 1.7 miles determined that the D.O. was maintained.  At 0.6 
rivermile downstream from the discharge, the D. O. in the stream started to recover with a design flow of 
0.014 MGD and these effluent limitations: CBOD5 of 17 mg/L; TKN of 8 mg/L and D.O. of 6 mg/L. 
 
It is staff’s practice to equate the Total Suspended Solids limits with the BOD5/CBOD5 limits. TSS limits are 
established to equal BOD5 limits since the two pollutants are closely related in terms of treatment of domestic 
sewage.  
pH limitations are set at the water quality criteria.  

 
E. coli  limitations are in accordance with the Water Quality Standards 9 VAC25-260-170. 
 

e) Effluent Limitations and Monitoring Summary. 
 

The effluent limitations are presented in the following table.   Limits were established for Flow, CBOD5, 
Total Suspended Solids, TKN, pH, Dissolved Oxygen, Total Residual Chlorine, and E. coli.  
The limit for Total Suspended Solids is based on Best Professional Judgement.   
The mass loading (kg/d) for monthly and weekly averages were calculated by multiplying the concentration 
values (mg/l), with the flow values (in MGD) and a conversion factor of 3.785.  
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Sample Type and Frequency are in accordance with the recommendations in the VPDES Permit Manual. 
 

18. Antibacksliding: 
All limits in this permit are at least as stringent as those previously established.  Backsliding does not apply to this 
reissuance. 
 

19. Effluent Limitations/Monitoring Requirements:  
 Design flow is 0.014 MGD. 
 Effective Dates: During the period beginning with the permit's effective date and lasting until the expiration date.  

DISCHARGE LIMITATIONS MONITORING 
REQUIREMENTS PARAMETER 

BASIS 
FOR 

LIMITS Monthly Average Weekly Average Minimum Maximum Frequency Sample Type 

Flow (MGD) N/A NL N/A N/A NL 1/D Estimate 
pH 2 N/A N/A 6.0 S.U. 9.0 S.U. 1/D Grab 
CBOD5  2,4 17 mg/L 0.90 kg/day   26 mg/L 1.4 kg/day N/A N/A 1/M Grab 
Total Suspended Solids (TSS) 1 17 mg/L 0.90 kg/day   26 mg/L 1.4 kg/day N/A N/A 1/M Grab 
DO 2 N/A N/A 6.0 mg/L N/A 1/D Grab 
Total Kjeldahl Nitrogen (TKN) 2,4     8.0 mg/L   0.40 kg/day 12 mg/L 0.6 kg/day N/A N/A 1/M Grab 
E. coli (Geometric Mean)  2 126 n/100mls N/A N/A N/A 2/M Grab 
Total Residual Chlorine                
(after contact tank)  2,3 N/A N/A 1.0 mg/L N/A 1/D Grab 

Total Residual Chlorine               
(after dechlorination) 3 0.008 mg/L 0.010 mg/L N/A N/A 1/D Grab 

 
The basis for the limitations codes are: MGD = Million gallons per day. 1/D = Once every day. 

1.  Best Professional Judgement  N/A = Not applicable. 1/M = Once every month. 
2.  Water Quality Standards NL = No limit; monitor and report. 2/M = Twice every month 
3.  DEQ Disinfection Guidance S.U. = Standard units.   at least 7 days apart. 
4.  Stream Model- Attachment 12       

         
Grab = An individual sample collected over a period of time not to exceed 15-minutes. 
 
 

20. Other Permit Requirements : 

a) Part I.B. of the permit contains additional chlorine monitoring requirements, quantification levels and 
compliance reporting instructions. 

 A minimum chlorine residual must be maintained at the exit of the chlorine contact tank to assure adequate 
disinfection.  No more that 10% of the monthly test results for TRC at the exit of the chlorine contact tank shall 
be <1.0 mg/L with any TRC <0.6 mg/L considered a system failure.  Monitoring at numerous STPs has 
concluded that a TRC residual of 1.0 mg/L is an adequate indicator of compliance with the E. coli criteria. E. 
coli limits are defined in this section as well as monitoring requirements to take effect should an alternate means 
of disinfection be used.  
 
9 VAC 25-31-190.L.4.c. requires an arithmetic mean for measurement averaging and 9 VAC 25-31-220.D. 
requires limits be imposed where a discharge has a reasonable potential to cause or contribute to an in-stream 
excursion of water quality criteria.  Specific analytical methodologies for toxics are listed in this permit section 
as well as quantification levels (QLs) necessary to demonstrate compliance with applicable permit limitations or 
for use in future evaluations to determine if the pollutant has reasonable potential to cause or contribute to a 
violation.  Required averaging methodologies are also specified.  
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21. Other Special Conditions : 

 
a) 

 
95% Capacity Reopener. The VPDES Permit Regulation at 9 VAC 25-31-200.B.2. requires all POTWs and 
PVOTWs develop and submit a plan of action to DEQ when the monthly average influent flow to their 
sewage treatment plant reaches 95% or more of the design capacity authorized in the permit for each month 
of any three consecutive month period.  This facility is a POTW.  

b) O&M Manual Requirement.  Required by Code of Virginia §62.1-44.19; Sewage Collection and Treatment 
Regulations, 9 VAC 25-790; VPDES Permit Regulation, 9 VAC 25-31-190.E.  Within 90 days of the 
effective date of this permit, the permittee shall submit a statement confirming the accuracy and completeness 
of the current O&M Manual to the Department of Environmental Quality, Northern Regional Office (DEQ-
NRO). Future changes to the facility must be addressed by the submittal of a revised O&M Manual within 90 
days of the changes. Non-compliance with the O&M Manual shall be deemed a violation of the permit. 

  
c) Licensed Operator Requirement.  The Code of Virginia at §54.1-2300 et seq. and the VPDES Permit 

Regulation at 9 VAC 25-31-200 D, and Rules and Regulations for Waterworks and Wastewater Works 
Operators (18 VAC 160-20-10 et seq.) requires licensure of operators.  This facility requires a Class IV 
operator.  

d) Reliability Class.  The Sewage Collection and Treatment Regulation at 9 VAC 25-790 requires sewerage 
works achieve a certain level of reliability in order to protect water quality and public health consequences in 
the event of component or system failure. The facility is required to meet a Reliability Class of II. 
 

e) CTC, CTO Requirement.  The Code of Virginia § 62.1-44.19; Sewage Collection and Treatment Regulations, 
9 VAC 25-790 requires that all treatment works treating wastewater obtain a Certificate to Construct prior to 
commencing construction and to obtain a Certificate to Operate prior to commencing operation of the 
treatment works. 
 

f) Water Quality Criteria Reopener.  The VPDES Permit Regulation at 9 VAC 25-31-220 D. requires 
establishment of effluent limitations to ensure attainment/maintenance of receiving stream water quality 
criteria. Should effluent monitoring indicate the need for any water quality-based limitations, this permit may 
be modified or alternatively revoked and reissued to incorporate appropriate water quality-based limitations. 
 

g) Sludge Use and Disposal.  The VPDES Permit Regulation at 9 VAC 25-31-100.P., 220.B.2., and 420-720, 
and 40 CFR Part 503 require all treatment works treating domestic sewage to submit information on their 
sludge use and disposal practices and to meet specified standards for sludge use and disposal.  The facility 
includes a treatment works treating domestic sewage.  
 

h) Sludge Reopener.  The VPDES Permit Regulation at 9 VAC 25-31-200.C.4. requires all permits issued to 
treatment works treating domestic sewage (including sludge-only facilities) include a reopener clause 
allowing incorporation of any applicable standard for sewage sludge use or disposal promulgated under 
Section 405(d) of the CWA.  The facility includes a sewage treatment works.  

 
Permit Section Part II.  Part II of the permit contains standard conditions that appear in all VPDES Permits.  In 
general, these standard conditions address the responsibilities of the permittee, reporting requirements, testing 
procedures and records retention. 
 
 

23. Changes to the Permit from the Previously Issued Permit: 
 

a)  Special Conditions: 
 
1) Deleted the “Bacterial Effluent Limitation and Monitoring Requirement” Special Condition.  This special 
condition was complied with during the last permit reissuance cycle and is no longer necessary.  
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2)  Deleted the “Indirect Dischargers” Special Condition.  This special condition is not applicable to this 
permit reissuance because the permittee owns both schools that discharge to the wastewater treatment plant.  
No other entities discharge into the wastewater treatment plant. 
 
3)  Deleted the “Treatment Works Closure Plan” Special Condition.  This special condition is not applicable 
because its purpose is to ensure that privately owned wastewater treatment plants are properly closed should 
the plant is expanded, upgraded or closed.  This plant is a publicly owned. 
 

b)  Monitoring and Effluent Limitations: 
 
An effluent limitation for E. coli bacteria was added to the permit due to the TMDL that was approved April 
28, 2008 by EPA.  Please Section 26 of the Fact Sheet for more information regarding this TMDL. 
 

 
24. Variances/Alternate Limits or Conditions:  

 
This permit contains no variances, alternate limits or conditions. 

. 25. Public Notice Information: 
 First Public Notice Date: January 29, 2009 Second Public Notice Date: February 5, 2009 
 

Public Notice Information is required by 9 VAC 25-31-280 B. All pertinent information is on file and may be 
inspected, and copied by contacting the: DEQ Northern Regional Office, 13901 Crown Court, Woodbridge, VA 22193, 
Telephone No. (703) 583-3925, jccrowther@deq.virginia.gov. See Attachment 13 for a copy of the public notice 
document. 
 
Persons may comment in writing or by email to the DEQ on the proposed permit action, and may request a public 
hearing, during the comment period.  Comments shall include the name, address, and telephone number of the writer, 
and shall contain a complete, concise statement of the factual basis for comments.  Only those comments received 
within this period will be considered. The DEQ may decide to hold a public hearing if public response is significant.  
Requests for public hearings shall state the reason why a hearing is requested, the nature of the issues proposed to be 
raised in the public hearing and a brief explanation of how the requester's interests would be directly and adversely 
affected by the proposed permit action.  Following the comment period, the Board will make a determination regarding 
the proposed permit action.  This determination will become effective, unless the DEQ grants a public hearing.  Due 
notice of any public hearing will be given. 

. 26. 303 (d) Listed Stream Segments and Total Max. Daily Loads (TMDL): 
 
The facility discharges directly to Cormack Run, UT which is a tributary to Cormack Run which in turn discharges 
into Mine Run.  Mine Run at segment VAN-E17R_MIR01A00 is listed as impaired for E. coli bacteria.  Sufficient 
excursions from the instantaneous E. coli bacteria criterion (7 of 19 samples - 36.8%) were recorded at DEQ's 
ambient water quality monitoring station (3-MIR004.05) at the Route 611 crossing to assess this stream segment as 
not supporting of the recreation use goal for the 2008 water quality assessment.  See Attachment 14 for the 2006 and 
2008 TMDL fact sheets. 
 
A bacteria TMDL for the Mine Run watershed was submitted to EPA and approved November 15, 2005.  The 
sources of bacteria requiring reductions are pet, livestock and wildlife waste delivered directly to the stream or via 
pastureland or forest, human contributions from straight pipes and failing septic systems, and biosolid application.   
 
A modification to the Mine Run TMDL was approved by EPA on April 28, 2008.  The purpose of the modification 
was to include a WLA for Locust Grove Elementary School, which was inadvertently omitted from the original 
TMDL, and to include an allocation for future growth of point sources in the watershed. 

 
 The facility was given a WLA for E. coli (2.44E+10 cfu/year) in the TMDL modification that was approved by 
EPA on 4/28/2008.  The permit has limit of 126 n/100mls for E. coli that is in compliance with the TMDL. 
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 TMDL Reopener: This special condition is to allow the permit to reopened if necessary to bring it in compliance 
with any applicable TMDL that may be developed and approved for the receiving stream. 
 
 

. 27. Additional Comments: 
 
Previous Board Action(s):  None 
 
Staff Comments: None 
 
Public Comment:  No comments were received during the public notice.  Due to the TMDL listed impairment (E. 
coli), the draft permit and fact sheet was reviewed by EPA and  
 
EPA Checklist: The checklist can be found in Attachment 15. 
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DEPARTMENT O~ ENVIRONMENTAL QUALITY - WATER DIVISION
Water Quality Assessments and Planninq

629 B. Main Street P.O. Box 10009 Richmond, Virqinia 23240
SUBJECT: Flow Frequency Determination

Locust Grove Elementary School - #VA0078131

This memo supercedes Charles Martin's December 30, 1992 memo
to Joan Crowther concerning the sUbject VPDES permit.

The Locust Grove Elementary School discharges to an unnamed
tributary to the Cormack Run near Locust Grove, VA. Stream flow
frequencies are required at this site by the permit writer for
the purpose of calculating effluent limitations for the VPDES
permit.

At the discharge point, the rece~v~ng stream is shown to be
intermittent on the USGS Mine Run Quadrangle topographic map.
The flow frequencies for intermittent streams are 0.0 cfs for the
1Q10, 7Q10, 30Q5, high flow 1Q10, high flow 7Q10, and harmonic
mean. Flow frequencies have been determined for the first
perennial reach downstream of the discharge point which occurs at
the Cormack Run.

The USGS conducted several flow measurements on the Mine Run
in 1951, 1953, 1981 to 1984, and 1989 to 1992. The measurements
were made at the Route 611 bridge at Burr Hill, VA. The
measurements made by the USGS were correlated with the same day
daily mean values from two continuous record gages; one on the
Hazel River at Rixeyville, VA #01663500 and the second on the Po
River near Spotsylvania, VA #01673800. For each reference gage,
the measurements and daily mean values were plotted by the USGS
on a logarithmic graph and a best fit line was drawn through the
data points. The required flow frequencies from each reference
gage were plotted on the regression line and the associated flow
frequencies at the measurement site were determined from the
graph. The flow frequencies for the measurement site were
determined by taking an average of the values determined from
each of the plots.

The flow frequencies at the perennial point were determined
by using the values at the measurement site and adjusting them by
proportional drainage areas. The data for the reference gages,
the measurement site and the perennial point are presented below:



lQlO =
7QIO =
JOQs =

Drainage
0.12 cfs
0.17 cfs
0.74 cfs

Area = 77.4 mi2

High Flow lQlO =
High Flow 7QIO =

8M=

5.8 cfs
8.6 cfs
4.2 cfs

Hazel River at Rixeyville, VA (101663500):

Drainage Area = 287 mi2

lQlO = J.8 cfs High Flow lQlO = 64 cfs
7QIO = 5.7 cfs High Flow 7QIO = 74 cfs
JOQs = 19 cfs 8M = 86 cfs

lQlO
7QIO
JOQs

Drainage Area
= 0.05 cfs
= 0.08 cfs
= 0.42 cfs

••Jl.8 mi 2

High Flow lQlO =
High Flow 7QIO =

8M=

2.9 cfs
4.0 cfs
J.l cfs

cormack Run above UT discharge receiving stream
(perennial point):

lQlO
7QIO
JOQs

Drainage
= 0.008 cfs
= O.OlJ cfs
= 0.068 cfs

Area = 5.18 mi2

High Flow lQlO =
High Flow 7QIO =

8M=

0.47 cfs
0.65 cfs
0.50 cfs

This analysis assumes there are no significant discharges,
withdrawals or springs influencing the flow in the Cormack Run
upstream of the perennial point.

If there are any questions concerning this analysis, please
let me know.
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Locust Grove Elementary School
Wastewater Treatment Plant Schematic

from VPDES Permit Application received May 2008
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ie7 WTiX UT^Xe
rhcXe\agXaWXag bY rV[bb_f
meTaZX Vbhagl rV[bb_ UbTeW
CAGvThZ[ Ubh_XiTeW
meTaZX0 uT ==LE:

ZaV_bfXW TeX Vbc\Xf bY g[X YTV\_\gl gXV[a\VT_ TaW _TUbeTgbel \afcXVg\ba eXcbegf ZXaXeTgXW Yeb` bUfXeiTg\baf
`TWX j[\_X cXeYbe`\aZ T f\gX \afcXVg\ba Tg g[X hbVhfg aebiX Z_X`XagTel rV[bb_ YTV\_\gl ba Tce\_ =:0 =::D7 s[X
Vb`c_\TaVX8`ba\gbe\aZ fgTYY jbh_W _\^X gb g[Ta^ lbhe fgTYY Ybe g[X\e g\`X TaW Tff\fgTaVX Whe\aZ g[X \afcXVg\ba7

rh``Te\Xf Ybe Ubg[ g[X gXV[a\VT_ TaW _TUbeTgbel \afcXVg\baf TeX XaV_bfXW7 s[X YTV\_\gl [TW lb WXY\V\XaV\Xf Ybe
g[X _TUbeTgbel \afcXVg\ba7 n_XTfX abgX g[X eXdh\eX`Xagf TaW eXVb``XaWTg\baf TWWeXffXW \a g[X gXV[a\VT_
fh``Tel0 XfcXV\T__l j\g[ eXZTeWf gb fgbe`jTgXe `TaTZX`Xag7 n_XTfX fhU`\g \a je\g\aZ T cebZeXff eXcbeg gb
g[\f bYY\VX Ul AMd PRGPNNaYbe g[X \gX`f TWWeXffXW \a g[X fh``Tel7

dY lbh [TiX Tal dhXfg\baf be Vb``Xagf VbaVXea\aZ g[\f eXcbeg0 c_XTfX YXX_ YeXX gb VbagTVg `X Tg g[X lbeg[Xea
u\eZ\a\T pXZ\baT_ mYY\VX Tg ,G:A- DJA2AJAAbe Ul Z2`T\_ Tg gjaX_fbaSWXd7i\eZ\a\T7Zbi7

sXeel lX_fba
Zai\eba`XagT_ rcXV\T_\fg dd

nXe`\gf 8 Wip \\_X
Vb`c_\TaVX iTaTZXe
Vb`c_\TaVX ThW\gbe
Vb`c_\TaVX dafcXVgbe
mvnr 2 U\__ nheVX__
WbhZ Vebb^f_

mailto:twnelson@deq.virginia.gov.
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WASTEWATER FACIUTY INSPECTION REPORT
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unmZr lm7 nT::GJ<A<
pZu D8::
WASTEWATER FACILITY

INSPECTION REPORT
PART 1

• S \XWXeT_
• wS lbaYXWXeT_

• S iT]be
•wS i\abe

• S iT]be
• S i\abe

• S ne\`Tel
• S rXVbaWTel

•wS pbhg\aX
• S Vb`c_\TaVX8Tff\fgTaVX8Vb`c_T\ag
• S pX\afcXVg\ba

WTgXbY _Tfg \afcXVg\baMAM]OT OOGOlli
TZXaVlM DEQ NRO

hTfg `bag[ TiXeTZXM ,ZYY_hXag- ibag[8lXTeM vQN]`M]d PNNa
\_bjM TcNN anm ccM eIe f7h7 srrM
Wm 6.7 `Z8h7 sfl 2.35 `Z8h VUmm8

9.4 `Z8h
L `Z8h

ohTegXe TiXeTZXM ,ZYY_hXag- tQOQXNQ] PNNTG>MY`M]d PNNaGvQN]`M]d PNNa
\_bjM 3900 anm ccM 7.1 f7h7 srrM 8.2 `Z8h
Wm cIc `Z8h sfl eIcP `Z8h VUmm8 L `Z8h

• S yXf

• S yXf

•wS lb

• S lb



• S abbW

•w SyXf

•wS abbW

J7 WbXf g[X c_Tag XkcXe\XaVX Tal beZTa\V8[lWeTh_\V biXe_bTW\aZQ
dY lXf0 \WXag\Yl VThfX TaW \`cTVg ba c_TagM

• S yXf

• S yXf

•wS yXf

•wS TiXeTZX • S nbbe

•w SyXf • S lb

•wS TiXeTZX • S nbbe

• Slb

• S TiXeTZX • S nbbe.

• S yXf •wS lb

• S lb.

• S lb.

•wS lT

• S lT

<=7 cbj bYgXa \f g[X fgTaWUl ZXaXeTgbe XkXeV\fXWQ NI A
nbjXe seTafYXe rj\gV[Q NI o T_Te` rlfgX`Q LQM]Wd

<C7df f_hWZX UX\aZ W\fcbfXW \a TVVbeWTaVX j\g[ g[X TccebiXW f_hWZX W\fcbfT_ c_TaQ
•wS yXf • S lb

<D7df fXcgTZX eXVX\iXW Ul g[X YTV\_\glQ
df fXcgTZX _bTW\aZ Vbageb__XWQ
TeX eXVbeWf `T\agT\aXWQ

• S yXf
• S yXf
• S yXf

•wS abbW

•wS lb
• S lb
• S lb

Vb``XagfM
OE @UOQY^QP Z[Q]M_Z]^ R]ZX tMNYQdI s]ZZV^ Z[Q]M_Q _TQ [WMY_I
cE rM^UO DA [Q]RZ]XQP XZY_TWd Nd sWM^^ === Z[Q]M_Z]GbTZ MW^Z TM^ XQOTMYUO OQ]_URUOM_UZYI
OTE ^Q[_UO _MYV^ M]Q [`X[QP Z`_ MYP OWQMYQP ZYOQ [Q] dQM] []UZ] _Z ^OTZZW dQM]I



mcXeTg\baT_ hbZf Ybe XTV[ ha\g cebVXff
dafgeh`Xag `T\agXaTaVX TaW VT_\UeTg\ba
iXV[Ta\VT_ Xdh\c`Xag `T\agXaTaVX
daWhfge\T_ jTfgX Vbage\Uhg\ba
,iha\V\cT_ \TV\_\g\Xf-

•wS yXf
•wS yXf
•wS yXf
• S yXf

• w S u\fhT_ bUfXeiTg\baf
• w S hTUbeTgbel eXfh_gf
• S Vbageb_ VT_Vh_Tg\baf

• w S \_bj `XTfheX`Xag
• w S nebVXff TW]hfg`Xagf
• S mg[Xe ,fcXV\Yl-

• S Tf Uh\_g c_Taf TaW fcXVf
• w S iTahYTVgheXef \afgehVg\baf
• w S hhUe\VTg\ba fV[XWh_Xf

• S rcTeX cTegf \aiXagbel
• S Zdh\c`Xag8cTegf fhcc_\Xef
• S mg[Xe ,fcXV\Yl-

C7 v[Tg Wb g[X \aWhfge\T_ jTfgX Vbage\Uhg\ba eXVbeWf VbagT\aQ NI A
,iha\V\cT_ ma_l-

• S vTfgX V[TeTVgXe\fg\Vf
• S d`cTVg ba c_Tag

• S hbVTg\baf TaW W\fV[TeZX glcXf
• S mg[Xe ,fcXV\Yl-

• w S Zdh\c`Xag `T\agXaTaVX eXVbeWf
• S daWhfge\T_ Vbage\Uhgbe eXVbeWf
• wS fT`c_\aZ TaW gXfg\aZ eXVbeWf

•wS mcXeTg\baT_ hbZ
• w S dafgeh`XagTg\ba eXVbeWf

E7 pXVbeWf abg abe`T__l TiT\_TU_X gb c_Tag cXefbaaX_ TaW g[X\e _bVTg\baM
WMNZ]M_Z]d ]Q^`W_^ M]Q ^_Z]QP M_ _TQ ^`[Q]UY_QYPQY_A ZRRUOQI

• S lb
• S lb
• S lb
• S lb

• S lT
• S lT
• S lT
•wS lT

•wS yXf

•wS yXf

S lb

S lb



unWZr lm7 JoCCeiORO

•wS yXf • S lb.

•wS yXf • S lb.

•wS yXf • S lb.

• S yXf • S lb. •wS lT

• S yXf • S lb. •wS lT

•wS yXf • S lb.

•wS yXf • S lb

•wS yXf

•wS yXf

• S lb.

• S lb.

<7 df g[X cebWhVg\ba cebVXff Tf WXfVe\UXW \a g[X cXe`\g Tcc_\VTg\baQ ,dY ab0 WXfVe\UX V[TaZXf \a Vb``Xagf-
• S yXf • S lb • w S lT

=7 Wb cebWhVgf TaW cebWhVg\ba eTgXf VbeeXfcbaW Tf cebi\WXW \a g[X cXe`\g Tcc_\VTg\baQ ,dY ab0 _\fg W\YYXeXaVXf-
• S yXf • S lb • w S lT

A7 cTf g[X rgTgX UXXa abg\Y\XW bY g[X V[TaZXf TaW g[X\e \`cTVg ba c_Tag XYY_hXagQ WTgXM
• S yXf • S lb. • w S lT



lbg Tcc_\VTU_X

lbg Tcc_\VTU_X

• S

3 4
34
34
3 4
3 4
3 4

3 4
3 4
3 4
3 4
34
3 4

q \TV\_\gl jTf jX__ `T\agT\aXW TaW bcXeTgXW7
q mcXeTgbef fgTgXW c_Tag bcXeTg\ba \f bVVTf\baT__l TYYXVgXW Ul [\Z[ T``ba\T \a g[X \aY_hXag7
q T fXVbaW cTV^TZX c_Tag jTf TWWXW gb TVVb``bWTgX g[X aXj `\WW_X fV[bb_7 s[X fXVbaW c_Tag \f

VheeXag_l UX\aZ c[TfXW \agb bcXeTg\ba7

q meTaZX Vbhagl rV[bb_ UbTeW f[bh_W XiT_hTgX V_XTa\aZ cebWhVgf hfXW Ul ]Ta\gbe\T_ fgTYY gb `\a\`\mX
T``ba\T \a g[X \aY_hXag7

q s[X ZeTiX_ TVVXff ebTW gb g[X geXTg`Xag c_Tag f[bh_W UX eXcT\eXW gb T__bj fTYX TVVXff Tg T__ g\`Xf7



unWZr lb7 JoNNeiORO

IB=H DFCsuGGm̂ Q[_UO HMYVLtZ^UYS GU[TZYL^MYP vUW_Q]

<7 aeXTfX geTc ceXVXW\aZ fXcg\V gTa^M •wS yXf • S lb • S lT

=7 v[Xa jTf fXcg\V gTa^ _Tfg ch`cXWQ o`S`^_ PNNT

A7 Wbf\aZ f\c[ba bcXeTg\baT_ ,WbXfa'g ge\V^_X-M • S yXf • S lb •wSlT

C7 VbaW\g\ba bY Wbf\aZ f\c[baM • S abbW • S \T\e • S nbbe.

D7 lh`UXe bY fTaW Y\_gXefM :

E7 VbaW\g\ba bY W\fge\Uhg\ba flfgX` \aV_hW\aZ fXT_fM • S abbW • S \T\e • S nbbe.

G7 \b__bj\aZ cebU_X`f Xi\WXagM
T7 ZeTff ba Y\_gXe • S yXf. • S lb
U7 cXaW\aZ • S yXf. • S lb
V7 haXiXa fTaW • S yXf. • S lb
W7 c_TVXf bY U_TV^ be fXcg\V fTaW • S yXf. • S lb
X7 haXiXa W\fge\Uhg\ba bY \aY_hXag • S yXf. • S lb
Y7 fb_\Wf ba fheYTVX • S yXf. • S lb

J7 vTfgXW fTaW W\fcbfXW bY cebcXe_lQ • S yXf • S lb.

Vb``XagfM
g o ORNNSMWWZY S]QM^Q _]M[ []QOQPQ^ _bZ ^Q[_UO _MYV^ CiGNNNMYP aGNNNSMWWZY^E bTUOT Z[Q]M_Q UY ^Q]UQ^I
g GUYOQ _TQ WM^_ UY^[QO_UZYG_TQ ^MYP RUW_Q]^ TMaQ NQQY ]Q[WMOQP bU_T MY MO_UaM_QP ^W`PSQ ^d^_QXI



2 iXV[Ta\VT_M

2 iXV[Ta\VT_M

• S yXf •wS lb.
• S yXf • S lb

•wS yXf • S lb.

• S yXf •wS lb.

• S yXf • S lb •wS lT

tMUWd

=7 UlcTff V[TaaX_ cebi\WXWM
UlcTff V[TaaX_ \a hfXM

Vb``XagfM HTQ NM] ^O]QQY U^ []UZ] _Z _TQ MO_UaM_QP ^W`PSQ []ZOQ^^ N`_ MR_Q] _TQ ^Q[_UO _MYVI y]U_ MYP YZYH
Z]SMYUO^ bZ`WP NQ OZWWQO_QP Nd _TQ ^Q[_UO _MYV^I



• S yXf

• S yXf

• S yXf

• S lb.

• S lb.

• S lb.

•wSlT

•wSlT

•wS lT

• S yXf. •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

G7 i\kXW _\dhbe V[TeTVgXe\fg\Vf ,Tf TiT\_TU_X-M
ccM 6.5 - 7.2 8.9.
ihrrM 2500 - 4200 `Z8_
WmM 1.5 - 4.0 `Z8d
Vb_beM sTZOZWM_Q N]ZbY
mWbeM BZYQ
rXgg_XTU\_\glM 300 - 400 `\__
mg[Xef ,\WXag\Yl-M

J7 pXghea8jTfgX f_hWZXM
T7 pXghea pTgXM OS[X U7 vTfgX pTgXM

L7 TXeTg\ba flfgX` Vbageb_M •wS s\`X V_bV^ • S iTahT_ • S Vbag\ahbhf • S mg[Xe ,Xkc_T\a-

<:7 ZYY_hXag Vbageb_ WXi\VXf jbe^\aZ cebcXe_l ,bk\WTg\ba W\gV[Xf-M •S yXf • S lb. •wS lT

Vb``XagfM
g HTQ ^MXQ ^W`PSQ [`X[^ M]Q `^QP RZ] FoG Z] KoG PQ[QYPUYS ZY OZXXZY aMWaQ ^Q__UYSI
g GZPM M^T OMY NQ MPPQP _Z _TQ MQ]M_UZY NM^UY RZ] [< OZY_]ZW MYP _Z XMUY_MUY YU_]URUOM_UZYI
aE vZMX MYP ^O`X M]Q TZ^QP PZbY UR ]Q\`U]QPI



2. lh`UXe bY ha\gfM 2 da bcXeTg\baM 2

'$ nebcXe Y_bj W\fge\Uhg\ba UXgjXXa ha\gfM • S yXf • S lb. •wS lT

($ r\Zaf bY f[beg V\eVh\g\aZ TaW8be biXe_bTWfM • S yXf •wS lb

)$ ZYY_hXag jX\ef _XiX_M •wS yXf • S lb.
V_XTaM •wS yXf • S lb.

2$ rVh` Vb__XVg\ba flfgX` jbe^\aZ cebcXe_lM •wS yXf • S lb. • S lT

-$ r_hWZX Vb__XVg\ba flfgX` jbe^\aZ cebcXe_lM •wS yXf • S lb.

.$ daY_hXag0 XYY_hXag UTYY_X flfgX`f jbe^\aZ cebcXe_lM •wS yXf • S lb.

0$ V[X`\VT_ TWW\g\baM • S yXf •wS lb
V[X`\VT_fM

1$ ZYY_hXag V[TeTVgXe\fg\VfM sWQM]

21. aXaXeT_ VbaW\g\baM •wS abbW • S \T\e • S nbbe

Vb``XagfM o OZXXZY aMWaQ U^ `^QP _Z PUaQ]_ FoG _Z KoG WUYQI



r7 cc TW]hfg`Xag cebi\WXWM
tg\_\mXWM

• S yXf
• S yXf

•wS lb
• S lb

•wS yXf

G7 dY W\YYhfXW TXeTg\ba \f hfXW0Wb W\YYhfXef eXdh\eX YeXdhXag V_XTa\aZQ
• S yXf •wS lb

T7 eXWhVg\ba bY ib_Tg\_X fb_\Wf
U7 cc
V7 T_^T_\a\gl
W7 W\ffb_iXW bklZXa

• S yXf •wS lb
• S yXf •wS lb
• S yXf •wS lb
• S yXf •wS lb

• S yXf. •wS lb

• S yXf. •wS lb

•wS abbW • S \T\e • S nbbe



IB=H DFCsuGGmsTWZ]UYM_UZY

2 lb7 bY V[_be\aTgbefM < da bcXeTg\baM <

'$ lb7 bY XiTcbeTgbefM 1 da bcXeTg\baM 1

($ lb7 bY V[_be\aX VbagTVg gTa^fM < da bcXeTg\baM <

4. nebcXe Y_bj W\fge\Uhg\ba UXgjXXa ha\gfM • S yXf • S lb.

2$ cbj \f V[_be\aX \agebWhVXW \agb g[X jTfgXjTgXeQ
• S nXeYbeTgXW W\YYhfXef
• S da]XVgbe j\g[ f\aZ_X Xagel cb\ag
• w S mg[XeMHMNWQ_ RQQPQ]

-$ V[_be\aX eXf\WhT_ \a UTf\a XYY_hXagM nP XSL@

.$ Tcc_\XW V[_be\aX WbfTZXM IYVYZbY

0$ VbagTVg UTf\af TWXdhTgX_l UTYY_XWM •wS yXf S lb.

1$ TWXdhTgX iXag\_Tg\baM
T7 Vl_\aWXe fgbeTZX TeXT • S yXf • S lb.
U7 Xdh\c`Xag ebb` • S yXf • S lb.

21. nebcXe fTYXgl ceXVThg\baf hfXWM •wS yXf • S lb.

22. aXaXeT_ VbaW\g\baM •wS abbW • S \T\e

•wS lT
•wS lT

Vb``XagfM
cE HTQ ^d^_QX TMP YZ_ PU^OTM]SQP dQ_ P`]UYS _TQ PMd ^Z OTWZ]UYM_QP QRRW`QY_ ^MX[WQ bM^ YZ_

]Q[]Q^QY_M_UaQI
ONE C[Q]M_Z]^ ]QWZMP _MNWQ_^ Nd ]QMOTUYS PZbY UY_Z XMYTZWQGbTUOT WQMP^ _Z _MNWQ_^ XU^^UYS _TQ PZ^UYS

_`NQ^I



unWZr lm7 JoNNeiORO
<.2

e

IB=H DFCsuGGmtQOTWZ]UYM_UZY

<7 V[X`\VT_ hfXWM • S rh_Yhe W\bk\WX • w S U\fh_Y\gX • S mg[Xe

=7 lb7 bY fh_YbaTgbefM 1 da bcXeTg\baM 1

A7 lb7 bY XiTcbeTgbefM 1 da bcXeTg\baM 1

C7 lb7 bY V[X`\VT_ YXXWXefM 2 da bcXeTg\baM 2

,$ lb7 bY VbagTVg gTa^fM 2 da bcXeTg\baM 2

-$ nebcXe Y_bj W\fge\Uhg\ba UXgjXXa ha\gfM • S yXf • S lb. •wSlT

.$ cbj \f V[X`\VT_ \agebWhVXW \agb g[X jTfgXjTgXeQ
• S nXeYbeTgXW W\YYhfXef
• S da]XVgbe j\g[ f\aZ_X Xagel cb\agQ
• w S mg[XeMHMNWQ_ vQQPQ]

0$ Vbageb_ flfgX` bcXeTg\baT_M • S yXf • S lb. •wSlT
T7 eXf\WhT_ TaT_lmXefM • S yXf • S lb. •wSlT
U7 flfgX` TW]hfgXWM • S Thgb`Tg\V •wS iTahT_ • S mg[XeM

1$ Tcc_\XW WXV[_be\aTg\ba WbfXM IYVYZbY

<:7 V[_be\aX eXf\WhT_ \a UTf\a XYY_hXagM NINOXSL@e E@E

<<7 VbagTVg UTf\af TWXdhTgX_l UTYY_XWM •wS yXf • S lb. • S lT

<=7 TWXdhTgX iXag\_Tg\baM
T7 Vl_\aWXe fgbeTZX TeXTM • S yXf • S lb. •wSlT
U7 Xdh\c`Xag ebb`M • S yXf • S lb. •wSlT

<A7nebcXe fTYXgl ceXVThg\baf hfXWM •wS yXf • S lb.

<C7aXaXeT_ VbaW\g\baM •wS abbW • S \T\e • S nbbe

Vb``XagfM



unWZr lmP7nTmm0
IB=H DFCsuGGm DZ^_ oQ]M_UZY

2. lh`UXe bY ha\gfM 2 da bcXeTg\baM 2

'$ nebcXe Y_bj W\fge\Uhg\ba UXgjXXa ha\gfM • S yXf • S lb. •wS lT

($ Zi\WXaVX bY Yb__bj\aZ cebU_X`fM
T7 WXTW fcbgf • S yXf. •wS lb
U7 XkVXff\iX YbT` • S yXf. •wS lb
V7 cbbe TXeTg\ba • S yXf. •wS lb
W7 `XV[Ta\VT_ Xdh\c`Xag YT\_heX • S yXf. • S lb •wSlT



qIB=H DFCsuGGmuRRW`QY_LDWMY_ C`_RMWW

slcX mhgYT__ • w S r[beX UTfXW • S rhU`XeZXW

slcX \Y f[beX UTfXWM • S v\aZjT__ • S cXTWjT__ •wS p\c pTc

\_TccXe iT_iXM • S yXf S lb •wSlT

Zebf\ba bY UTa^M • S yXf •wS lb • SlT

ZYY_hXag c_h`X i\f\U_XQ • S yXf. •w Slb

G7 \\aT_ XYY_hXag0 Xi\WXaVX bY Yb__bj\aZ cebU_X`fM
T7 b\_ f[XXa • S yXf. • w S lb
U7 ZeXTfX • S yXf. • w S lb
V7 f_hWZX UTe • S yXf. • w S lb
W7 gheU\W XYY_hXag •S yXf. • w S lb
X7 i\f\U_X YbT` • S yXf. •wS lb
Y7 hahfhT_ Vb_be •S yXf. • wS lb



WZnTpsiZls m\ ZludpmliZlsTh otThdsy 2 vTsZp Wdudrdml
hTUmpTsmpy dlrnZVamn pZnmps77

21012 -,
\TVdhdsy lmM ddlrnZVaml WTsZM d npZudmtr dlrn7 npZudmtr sdiZ rnZlsM duT::GJ<A< d Tce\_ =:0 =::D WTsZM ZuThtTsdmlM < [e diTeV[ <<0<LLJ lb WXY\V\XaV\Xf 0

d lTiZ8 TWWpZrr m\ \TVdhdsyM \TVdhdsy VhTrrM \TVdhdsy synZM tlTllmtlVZW
hbVhfg aebiX Z_X`XagTel

d ,
dlrnZVamlQ

R

A<=A: Vbafg\ghg\ba c\Z[jTl ' iTemp ,w- itldVdnTh , - yZr
hbVhfg aebiX0 uT ,w- lm

" # idlmp " # dlWtrspdTh \y2rVcZWthZW
ddlrnZVamlQ

,w- riThh "# \ZWZpTh ,w- yZr d

, - unT8lWV !
, - lm

VmiiZpmTh hTU
dlrnZVsmp,r-M pZudZvZprM npZrZls Ts dlrnZVamlM
sXeel lX_fba pbUXeg UTe[T` WTUaXl TaW Vebb^f-

hTUmpTsmpy ZuThtTsdml
WZ\dVZlmZrQ

yXf lb
hTUmpTsmpy pZVmpWr w

aZlZpTh rTinhdla"7 TlThyrdr w d

hTUmpTsmpy ZotdniZls w d

WdrrmhuZW mwyaZl TlThyrdr npmVZWtpZr w

cc TlThyrdr npmVZWtpZr w

smsTh pZrdWtTh VchmpdlZ TlThyrdr npmVZWtpZr w

otThdsy TrrtpTlVZ8otThdsy Vmlspmh

y8l otThdsy TrrtpTlVZ iZscmW nTpTiZsZpr \pZotZlVy

l pZnhdVTsZ rTinhZr

l rndfZW rTinhZr

l rsTlWTpW rTinhZr

l rnhds rTinhZr

l rTinhZ UhTlfr

l mscZp

l ZnT2Wip oT WTsTQ pTsdlaM , - lb WXY\V\XaVl , - WXY\V\XaVl , - lT

l oV rTinhZr npmudWZWQ pTsdlaM ! - lb WXY\V\XaVl , - WXY\V\XaVl ! - lT



76
LABORA TORY RECORDS SECTION ,

hTUmpTsmpy pZVmpWr dlVhtWZ scZ \mhhmvdlaM

w rTintla WTsZ

w rTintla sdiZ

w rTinhZ hmVTsdml

w TlThyrdr WTsZ

w TlThyrdr sdiZ

w sZrs iZscmW

Vmls imldsmpdla VcTps

w dlrsptiZls VTtUpTsdml

w dlrsptiZls iTdlsZlTlVZ

w VZpsd\dVTsZ m\ TlThyrdr

WmThh TlThyrsr dl`Th scZdp vmpfQ

WmUZlVc rcZZsr dlVhtWZ Thh dl\mpiTsdml lZVZrrTpy sm WZsZpidlZ pZrthsrQ

dr scZ Wip VminhZsZ TlW VmppZVsQ imlsc,r- pZudZvZWM

TpZ Thh imldsmpdla uThtZr pZotdpZW Uy scZ nZpids pZnmpsZWQ

GENERAL SAMPUNG AND ANALYSIS SECTION

TpZ rTinhZ hmVTsdml,r- TVVmpWdla sm nZpids pZotdpZiZlsrQ

TpZ rTinhZ VmhhZVsdml npmVZWtpZr TnnpmnpdTsZQ

dr rTinhZ ZotdniZls VmlW`ml TWZotTsZQ

dr \hmv iZTrtpZiZls TVVmpWdla sm nZpids pZotdpZiZlsrQ

TpZ VminmrdsZ rTinhZr pZnpZrZlsTsduZ m\ \hmvQ

TpZ rTinhZ cmhWdla sdiZr TlW npZrZpuTsdml TWZotTsZQ

d\ TlThyrdr dr nZp\mpiZW Ts TlmscZp hmVTsdml0 TpZ rcdnndla npmVZWtpZr
TWZotTsZQ trs nTpTiZsZpr TlW lTiZ " TWWpZrr m\ hTUM
tMNYQd(I s]ZZV^Gv]QPQ]UOV^N`]S JomsrCts MYP HGG
yI KI sWURRZ]P(I o^^ZOUM_Q^ v]QPQ]UOV^N`] Jom H?B MYP uI sZWU
LABORATORY EQUIPMENT SECTION

dr hTUmpTsmpy ZotdniZls dl npmnZp mnZpTsdla pTlaZQ

TpZ TlltTh scZpimiZsZp VTtUpTsdml,r- TWZotTsZQ

dr scZ hTUmpTsmpy apTWZ vTsZp rtnnhy TWZotTsZQ

TpZ TlThysdVTh UThTlVZ,r- TWZotTsZQ

LuG BC BLo

w

w

w

w

LuG BC BLo

w

w

w

w

w

w

w

LuG BC BLo

w

w

w



@orCFoHCFL =BGDusH=CB FuDCFH GIAAoFL
d

vos=W=_L BoAum vos=IHLBCm d =BGDusH=CB toHum
@ZO`^_ y]ZaQ uWQXQY_M]d JoNNeiORO o[]UW ROGPNNa
"# tQRUOUQYOUQ^ ( X) BZ tQRUOUQYOUQ^

@orCFoHCFL FusCFtG

s[X hTUbeTgbel pXVbeWf fXVg\ba [TW BZ tQRUOUQYOUQ^I

yuBuFo@ GoADIBy oBt oBo@LG=G

s[X aXaXeT_ rT`c_\aZ TaW TaT_lf\f fXVg\ba [TW BZ tQRUOUQYOUQ^I

@orCFoHCFL uEI=DAuBH

s[X hTUbeTgbel Zdh\c`Xag fXVg\ba [TW BZ tQRUOUQYOUQ^I

=BtAtIo@ DoFoAuHuFG

[<

s[X TaT_lf\f Ybe g[X cTeT`XgXe bY cc [TW BZ tQRUOUQYOUQ^I

tU^^ZWaQP CcdSQY CtCE

s[X TaT_lf\f Ybe g[X cTeT`XgXe bY W\ffb_iXW mklZXa [TW BZ tQRUOUQYOUQ^I

HZ_MW FQ^UP`MW sTWZ]UYQ CHFsE

s[X TaT_lf\f Ybe g[X cTeT`XgXe bY sbgT_ pXf\WhT_ V[_be\aX [TW BZ tQRUOUQYOUQ^I



nTeT`XgXeM W\ffb_iXW mklZXa
iXg[bWM Z_XVgebWX

:A8:<
iZscmW m\ TlThyrdrM

w <Jg[ ZW`ml m\ rsTlWTpW iZscmWr2CD::2: a

Trsi2W2JJJ2L=,U-

ZnT iZscmWr \mp VcZidVTh TlThyrdr2AE:7<

trar2iZscmWr dl vTsZp TlW \htudTh rZWdiZlsr2d2<DGE2GJ

l l

<- dY fT`c_Xf TeX Vb__XVgXW0 \f Vb__XVg\ba VTee\XW bhg j\g[ T `\a\`h` bY gheUh_XaVX TaW T\e UhUU_X =YH
Ybe`Tg\baQ •riCD::2: U7APAE:7<2A7<S ^U_`

=- dY fT`c_Xf TeX Vb__XVgXW0 \f g[X fT`c_X Ubgg_X T__bjXW gb biXeY_bj fXiXeT_ g\`Xf \gf ib_h`XQ =YH
•riCD::2: U7APAE:7<2A7<S ^U_`

A- TeX `XgXe TaW X_XVgebWX bcXeTU_X TaW cebi\W\aZ Vbaf\fgXag eXTW\aZfQ •nXe`\gS w

C- df `X`UeTaX \a ZbbW VbaW\g\ba j\g[bhg geTccXW T\e UhUU_XfQ •ri CD::2: a7A7US w

D- df VbeeXVg Y\__\aZ fb_hg\ba hfXW \a X_XVgebWXQ •iYe7S w

E- df `XgXe VT_\UeTgXW UXYbeX hfX be Tg _XTfg WT\_lQ •iYe7S w

G- df VT_\UeTg\ba cebVXWheX cXeYbe`XW TVVbeW\aZ gb `TahYTVgheXe'f \afgehVg\bafQ •iYe7S w

J- TeX jTgXe Webc_Xgf f[T^Xa bYY g[X `X`UeTaX ce\be gb VT_\UeTg\baQ •iYe7S w

L- df fT`c_X fg\eeXW Whe\aZ TaT_lf\fQ •iYe7S =YH
GU_`

<:- df g[X fT`c_X TaT_lf\f cebVXWheX cXeYbe`XW TVVbeW\aZ gb `TahYTVgheXe'f \afgehVg\bafQ •iYe7S w

<<- df `XgXe fgTU\_\mXW UXYbeX eXTW\aZ W7m7Q•iYe7S w

<=- df X_XVgebWX fgbeXW TVVbeW\aZ gb `TahYTVgheXe'f \afgehVg\bafQ •iYe7S w

VmiiZlsrM HTQ ^MX[WQ U^ ]QMP UYH^U_` NQWZb _TQ WM^_ ^_Q[ ZR _TQ OM^OMPQ MQ]M_Z]I
tC XQ_Q] _TQ]XU^_Z] bM^ OTQOVQP ZY NTLOPLNaMYP YZ OZ]]QO_UZY bM^ ]Q\`U]QPI

npmUhZirM BZYQ



d TlThyrsM d d unWZr lm d
nTeT`XgXeM sbgT_ pXf\WhT_ V[_be\aX

iXg[bWM WnWVb_be\`Xge\V ,cTVc nbV^Xg Vb_be\`XgXer-
:C8:=

iZscmW m\ TlThyrdrM

n iTlt\TVstpZp'r dlrsptVeemlr ,cTVc iZscmW J<EG-

l l

<- TeX g[X WnWnXe`TV[X`o nbjWXe n\__bjf fgbeXW \a T Vbb_0 Wel c_TVXQ •iYe7S w

=- TeX g[X c\__bjf j\g[\a g[X `TahYTVgheXe'f Xkc\eTg\ba WTgXQ •nXe`\gS w

A- cTf UhYYXe\aZ VTcTU\_\gl bY WnWc\__bjf UXXa V[XV^XW TaahT__lQ ,n\__bjf f[bh_W TW]hfg fT`c_X w
cc gb UXgjXXa E TaW G- •nXe`\gS

C- v[Xa cc TW]hfg`Xag \f eXdh\eXW0 \f c3r:4 be lTmc hfXWQ •<<7A7<S w

r- TeX VX__f V_XTa TaW \a ZbbW VbaW\g\baQ •nXe`\gS w

E- df g[X _bj eTaZX ,m7m_2`Z8heXfb_hg\ba- hfXW Ybe fT`c_Xf VbagT\a\aZ eXf\WhT_f Yeb` :2=7:: w
`Z8hQ •iYe7S

G- df g[X <:2`h VX__ ,=7r2V` W\T`XgXe- hfXW Ybe fT`c_Xf Yeb` :2=7:: `Z8hQ •iYe7S w

J- df g[X `XgXe mXebXW VbeeXVg_l Ul hf\aZ fT`c_X Tf U_Ta^ Ybe g[X VX__ hfXWQ •iYe7S w

L- df g[X \afgeh`Xag VTc c_TVXW VbeeXVg_l ba g[X `XgXe UbWl j[Xa g[X `XgXe \f mXebXW TaW j[Xa w
g[X fT`c_X \f TaT_lmXWQ •iYe7S

<:- df g[X WnWsbgT_ V[_be\aX nXe`TV[X`o nbjWXe n\__bj `\kXW \agb g[X fT`c_XQ •<<7<S w

<<- df g[X TaT_lf\f `TWX Tg _XTfg g[eXX `\ahgXf Uhg abg `beX g[Ta f\k `\ahgXf TYgXe nXe`TV[X`o w
nbjWXe n\__bj TWW\g\baQ •<<7=S

<=- dY eXTW2bhg \f Y_Tf[\aZ •=7=:S0 \f fT`c_X W\_hgXW VbeeXVg_l0 g[Xa eXTaT_lmXWQ •<7= " =7:S w
<A- v[Xa \afgeh`Xag jTf aXj gb _TU0 jTf \afgeh`Xag VT_\UeTg\ba iXe\Y\XW Ul TaT_y~\aZ T ohT_\gl

Vbageb_ rT`c_X ,\7X7rcXV2V[XV^r0 T_gXeaTgX fbheVX fgTaWTeW- ce\be gb Tal WTgT UX\aZ w
eXcbegXWQ •nXe`\gS

<C- df T ohT_\gl Vbageb_ fT`c_X ,\7X7 rcXV2 V[XV^r0 T_gXeaTgX fbheVX fgTaWTeW- TaT_lmXW w
ThTegXe_iQ YL7=7A<

VmiiZlsrM BZYQ

npmUhZirM BZYQ



nTeT`XgXeM clWebZXa dba ,cc-
iXg[bWM Z_XVgeb`Xge\V

,4~,-

: _rg[ ZW`ml rsTlWTpW iZscmWr2CD::2c2U

ZnT iZscmWr \mp VcZidVTh TlThyrdr2<D:7<

Trsi2W<=LA2rC,L:-,T be U-

trar2iZscmWr dl vTsZp TlW \htudTh rZWdiZlsr2d2<DrE2rD

l l

<- df g[X X_XVgebWX \a ZbbW VbaW\g\ba ,ab V[_be\WX ceXV\c\gTgX0 XgV7-Q w
•ri2=7U8V TaW D7UP<D:7<2C7A8nXe`\gS

=- df X_XVgebWX fgbeTZX fb_hg\ba \a TVVbeWTaVX j\g[ `TahYTVgheXe'f \afgehVg\bafQ •iYe7S w

A- df `XgXe VT_\UeTgXW ba Tg _XTfg T WT\_l UTf\fQ •ri2C7TP <D:7<2r7<S w

C- TeX gjb UhYYXef j[\V[ UeTV^Xg g[X Tag\V\cTgXW eTaZX bY g[X fT`c_X hfXW gb VT_\UeTgX g[X `XgXeQ w
,\be `XgXef abg VTcTU_X bY cXeYbe`\aZ T gjb cb\ag VT_\UeTg\ba \f T fXVbaW UhYYXe j[\V[ UeTV^Xgf
g[X fT`c_X cc TaT_lmXW TaW YbhaW gb UX j\g[\a p:7< rt bY g[X XkcXVgXW iT_hXQ

•ri2=7TP <D:7<2G7=S
D- df `XgXe VT_\UeTg\ba WbVh`XagXWQ •nXe`\gS w

E- WbXf `XgXe eXTW j\g[\a :7< ha\g Ybe g[X cc bY g[X fXVbaW UhYYXe fb_hg\baQ w
•ri2C7T8D7UP <D:7<2G7=7<S

G- TYgXe VT_\UeTg\ba0 \f T UhYYXe bY G rt TaT_lmXW Tf T V[XV^ fT`c_X gb iXe\Yl g[Tg VT_\UeTg\ba \f w
VbeeXVgQ TZeXX`Xag f[bh_W Ul j\g[\a u' :7< rtb •nXe`\gS

r- Wb g[X UhYYXe fb_hg\baf TccXTe gb UX YeXX bY VbagT`\aTg\ba be Zebjg[fQ •ri2A7TP nXe`\gS w

L- TeX UhYYXe fb_hg\baf j\g[\a g[X\e _\fgXW f[X_Y _\YX be [TiX g[Xl UXXa ceXcTeXW j\g[\a g[X _Tfg C w
jXX^fQ •ri2A7TP <D:7<2E7<7<S

<:- df g[X VTc be f_XXiX VbiXe\aZ g[X TVVXff [b_X ba g[X eXYXeXaVX X_XVgebWX eX`biXW j[Xa N/A
`XTfhe\aZ ccQ •iYe7S

<<- df g[X gX`cXeTgheX bY UhYYXe fb_hg\baf TaW fT`c_Xf `XTfheXW ce\be gb gXfg\aZ ,W\feXZTeW \Y TsV ATC
\f hfXW-Q •ri2C7TP <D:7<2C7C8r7AS

<=- vTf g[X `XgXe TWXdhTgX_l TW]hfgXW Ybe gX`cXeTgheX ,W\feXZTeW \Y TsV \f hfXW-Q ATC
•ri2C7TP <D:7<2r7AS

<A- vTf g[X X_XVgebWX e\afXW UXgjXXa fb_hg\bafQ •ri2C7TP <D:7<2r7CS w

<C- vTf g[X X_XVgebWX U_bggXW Wel UXgjXXa fb_hg\baf ,W\feXZTeW \Y e\afX \f aXkg fb_hg\ba-Q w
•ri2C7TP <D:7<2r7CS

<D- df g[X fT`c_X fg\eeXW ZXag_l Tg T VbafgTag fcXXW Whe\aZ `XTfheX`XagQ •ri2C7UP <D:7<2r7CS w

<E- WbXf g[X `XgXe [b_W T fgXTWl eXTW\aZ TYgXe eXTV[\aZ Xdh\_\Ue\h`Q •ri2C7U8D P<D:7<2r7CS w

VmiiZlsrM I^UYS M WMAZ__Q [< XQ_Q] bTUOT U^ OMWUN]M_QP bU_T TGeGMYP ONN`RRQ]^I
[< XQ_Q] _TQ]XU^_Z] bM^ OTQOVQP ZY NTLOPLNaMYP M HNIOfO OZ]]QO_UZY bM^ YZ_QPI

npmUhZirM BZYQ
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dc •wIwzuhks abv lq~kphzom~qv•wIwzuhks abv1 dpqkp qv•bzv lq~kphzom~qv•wSqvm abv3
Sqvm abv h• ~moumv• eGT2LO=agSOaUOGUU q~ tq~•ml h~ quxhqzml nwz -, 4&tC ihk•mzqh3
Gkkwzlqvo •w•pm755< Ov•mozh•mlG~~m~~umv•1uwvq•wzqvolh•h h• JL\ huiqmv• dh•mzybhtq•f
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zmkzmh•qwvb~m3bmmShx 6 nwz•pmtwkh•qwvwn•pmquxhqzml ~moumv•3
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Twcmuimz 6:1755:3 cpm ~wbzkm~wnihk•mzqhzmybqzqvozmlbk•qwv~hzmxm•1tqcm~•wkshvl
dqtltqnmdh~•mlmtqcmzmllqzmk•tf•w•pm~•zmhuwzcqhxh~•bzmthvl wznwzm~•1pbuhv
kwv•zqib•qwv~nzwu ~•zhqop•xqxm~hvl nhqtqvo~mx•qk~f~•mu~1hvl iqw~wtqlhxxtqkh•qwv3
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cpm cSJR lql vw•~xmkqnqkhttfqvktblm•pmzmkmqcqvo~•zmhu-dc •wIwzuhks abv.1 pwdmcmz1
htt bx~•zmhu nhkqtq•qm~dmzmqvktblml lbzqvo fRG kwv~qlmzh•qwv3

cpm nhkqtq•fdh~ oqcmvh fRG nwz-, 4&tC(2.334-51 79D0E86C)qv•pmcSJR uwlqnqkh•qwv
•ph• dh~ hxxzwcml if LWG wv947A4755A3

2 ahxqlhv aqcmz-e GT2LOAagaGW58G57. q~tq~•mlh~ quxhqzmlnwz-, 4&tCihk•mzqh3
cSJR Gxxzwcml 674:4755=3

2 ahxxhphvvwks aqcmz-eGT2L75LgaWW58G571 eGT2L75LgaWW57G571 eGT2
L75LgaWWUOG571eGT2L76LgaWW5:G571 eGT2L76LgaWW59G571 eGT2
L76LgaWW58G571eGT2L76LgaWWUOG57. q~tq~•mlh~quxhqzml nwz-, 4&tC-cSJR
~biuq••ml •wLWGShzkp 755A. hvl nwzWIH~ qvMq~pcq~~bm-cSJR Jbm Jh•m 2
756<.3
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lYeWhel = A:E\2nn L:L\8=A aU G:A\8=C A:E\2nn L:L\8n_ aU G:A\8=C :: :: :: 22 :: :: :: :: A:E\2nn L:L\8b_ vh J:A\8=C

lYg\l_ Veb`]XY = 22 :: aU E:=\2=D :: :: aY E:=\2=D :: 22 :: :: :: :: :: :: :: :: vh E:n\2=D

lYg\bklW\_be 5 :: D:=\8=C aU :: :: D:=\8=C aY :: :: 22 22 22 :: :: 22 :: :: D:=\8cC aU ::
oIOET = 88 n:n\2nn aY :: :: n:n\2nn aU :: :: :: 22 :: 22 :: 22 :: :: n:n\2nn aU ::
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53569 lcZ ZesWdUrc\ ainwo str\Ul ley o\r "l]k:YkY"

Z]fW\Ue[Y a_bj ufYX Zbewns8wiU WU_Wh_Ug]baf .lcR =:=AE U``ba]U 8Zel sYUfba 8UWhgY U``ba]U 8Zel sYUfba 8W\eba]W

P=g\ oYeWYag]_Y cd .su0 L:L== P=g\ oYeWYag]_Y tY`c: .XYp W0 CG:===
sgeYU` a_bjf tbgU_ l]k a_bjf .L:C=E 8cd0 8=:EPJ P=g\ oYeWYag]_Y cd .su0 L:L==

U__bWUgYX gb l]k elcZ_ sgeYU` 0 Z]fW\Ue[Y elcZS .cd 8L:C=E0 =:EPJ lem A:EG=
Zel sYUfba wYg sYUfba Zel sYUfba wYg sYUfba lUy CG:===

A=A= =:=== =:=== =:=AE =:=AE tebhg oeYfYag We]gYe]ba .`p me_ P:JEE .L:JMM8cd0 8=:=AC
L=A= =:=== 0() =:=AE m<U tebhg UVfYag We]gYe]ba .`p mei AE:EEA .cd 8L:JMM0 =:=AC
D==A= =:=== =:=== =:=AE =:=AE tebhg oeYfYagT a
D==G =:=== 0() =:=AE 0() \ZZYWg]iY We]gYe]ba .`p mei0 AE:EEA \Ue_l is oeYfYag We]gYe]ba .`p ZS A:MCA
dUe`: lYUa =:=== m<U =:=AE 0() \Ue_l is UVfYag We]gYe]ba .`p me A:MCA
UaahU_ Uvp: =:=== m<U =:=AE 0() \Ue_l i]ZY sgU[Yf oeYfYagT l

\ZZYWg]iY We]gYe]ba .`p mei0 A:MCA
sgeYU`<Z]fW\Ue[Y l]k iU_hYf

Zel sYUfba wYg sYUfba U``ba]U 8wYg sYUfba 8UWhgY U``ba]U 8wYg sYUfbao W\eba]W
A=A= P=g\' tY`c: l]k .XYp W0 CG:=== =:===
D==A= Png\' tY`c: l]k .XYp W0 CG:=== =:=== P=g\ oYeWYag]_Y cd .su0 L:L== P=g\ oYeWYag]_Y tY`c: .XYp W0 =:===
A=A= P=g\' cd l]k .su0 L:L== L:L== .L:C=E 8cd0 8=:EPJ P=g\ oYeWYag]_Y cd .su0 L:L==
D==A= P=g\' cd l]k .su0 L:L== L:L== .cd 8L:C=E0 =:EPJ lem C:MG=
A=A= Ang\' cd l]k .su0 =:=== m<U lUy L:===
L=A= A=g\' cd l]k .su0 =:=== m<U tebhg oeYfYag We]gYe]ba .`p me_ P:JEE .L:JMM8cd0 8=:=AC

tebhg UVfYag We]gYe]ba .`p mei AE:EEA .cd 8L:JMM0 =:=AC
WU_Wh_UgYX abe`h_U eachgf tebhg oeYfYagT a

A=A= dUeXaYff .`p<i Uf WUW=D0 MM:J MM:J \ZZYWg]iY We]gYe]ba .`p mei0 AE:EEA \Ue_l is oeYfYag We]gYe]ba .`p ZS D:GLM
L=A= dUeXaYff .`p<i Uf WUW=D0 MM:J MM:J \Ue_l is UVfYag We]gYe]ba .`p me G:MA=

\Ue_l i]ZY sgUpYf oeYfYagT l
\ZZYWg]iY We]gYe]ba .`p mei0 D:GLM

=:=AE lcZ ZesWdUrc\ ainwo Wnloi\t\ str\Ul ley

Z]fW\Ue[Y a_bj ufYX Zbewns8wiU WU_Wh_Ug]baf .lcR =:=AE U``ba]Uo Zel sYUfba 8UWhgY U``ba]U 8Zel sYUfbao W\eba]W

P=g\ oYeWYag]_Y cd .su0 L:L== P=g\ oYeWYag]_Y tY`c: .XYp W0 CG:===
A==' sgeYU` a_bjf tbgU_ l]k a_bjf .L:C=E 8cd0 8=:EPJ P=g\ oYeWYag]_Y cd .su0 L:L==
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L=A= =:=== m<U =:=AE 0() tebhg UVfYag We]gYe]ba .`p mei AE:EEA .cd 8L:JMM0 =:=AC
D==A= =:=== =:=== =:=AE =:=AE tebhg oeYfYagT a
D==G =:=== m<U =:=AE m<U \ZZYWg]iY We]gYe]ba .`p mei0 AE:EEA \Ue_l is oeYfYag We]gYe]ba .`p ZS A:MCA
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sgeYU`<Z]fW\Ue[Y l]k lU_hYf

Zel sYUfba wYg sYUfba U``ba]U 8wYg sYUfba 8UWhgY U``ba]U 8wYg sYUfbao W\eba]W
A=A= P=g\' tY`c: l]k .XYp W0 CG:=== =:===
D==A= Png\' tY`c: l]k .XYp W0 CG:=== =:=== P=g\ oYeWYag]_Y cd .su0 L:L== P=g\ oYeWYag]_Y tY`c: .XYp W0 =:===
A=A= P=g\' cd l]k .su0 L:L== L:L== .L:C=E 8cd0 8=:EPJ P=g\ oYeWYag]_Y cd .su0 L:L==
D=pA= P=g\' cd l]k .su0 L:L== L:L== .cd 8L:C=E0 =:EPJ lem C:MG=
A=A= A=g\' cd l]k .su0 =:=== 0() lUy L:===
L=A= A=g\' cd l]k .su0 =:=== 0() tebhg oeYfYag We]gYe]ba .`p me_ P:JEE .L:JMM8cd0 8=:=AC

tebhg UVfYag We]gYe]ba .`p mei AE:EEA .cd 8L:JMM0 =:=AC
WU_Wh_UgYX abe`h_U eachgf tebhg oeYfYagT a

A=A= dUeXaYff ,)c.I Uf WUW=D0S MM:J== MM:J== \ZZYWg]iY We]gYe]ba .`p mei0 AE:EEA \Ue_l is oeYfYag We]gYe]ba .`p ZS D:GLM
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\Ue_l i]ZY sgU[Yf oeYfYagT l
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ibWhfg cebiY \_Y`YagUel sW\bb_ Zlr cd ZUgU
fUahUel C=== g\ebh[\ nWgbVYe C==M

ZUgY ZhY lUk cd sbegYX cd
A=8a\V8C=== L:E M:M

A=8lUr8C=== L:G M:A

A=8Uor8C=== L:E M:A

An8lU ~ 8C=== L:D M:A

A=8fum8C=== L:D L:P

A=8fui8C=== M:A L:P

A=8Uuc8C=== L:P

A=8s\o8C=== L:M L:M

Ap8nWt 8C=== L:C L:M

Ap8mnv8C=bb L:J L:L 8
A=8Z\W8C=== L:L L:L

Ap8fUm8C==A L:E L:L

A=8a\V8C==A L:D L:L

Ap8lUr8C==A L:P L:L

A=8Uor8C==A L:L L:L

AZ8lU~8C==A L:D L:L

Ap8fumoC==A L:E L:L

Ap8fuioC==A L:D L:L

A=8Uuc8C==A L:J

A=8s\o8C==A L:P L:J

A=8=Wt8C==A L:L L:J

Ap8mnv8C==A A:L L:J

A=8Z\W8CbbA L:G L:J

Ap8fUm8C==C L:D L:J

Ap8a\V8C==C L:G L:J

A=8lUr8C==C L:A L:J

A=8Uor8C==C L:A L:J

A=8lU~8C==C L:G L:J

An8fum8C==C L:A L:J

Ap8fui8C==C J:P L:J

A=oUucoCbbC L:G

Ap8s\o8C==C L:G

Ap8nWt8C==C L:D L:G

A=8mnv8C==C L:C L:G

A=8Z\W8C==C L:D L:G

Ap8fUm8CbbD L:C L:G

A=8a\V8C==D L:J L:G

Ap8lUr8C==D M:A L:G

A=8Uor8C==D L:C L:G

Ap8lU ~ 8C==D L:E L:G

A=8fum8C==D L:C L:G

A=8fui8C==D L:= L:G

A=8Uuc8C==D L:E

Ap8s\o8C==D L:J L:E

An8nWt oC==D L:J L:E

A=8mnv8C==D L:G L:E

A=8Z\W8C==D L:D L:E

A=8fUm8C==E L:M L:E

A=8a\V8C==E L:D L:E

Ap8lUr8C==E L:G L:E

A=8Uor8C==E L:C L:E

A=8lU~8C==E L:E L:E

Ap8fum8C==E L:C L:E

A=8fui8C==E L:J L:E

A=8Uuc8C==E L:J L:E

A=8s\ooC==E L:D L:E

A=8=Wt8C==E L:E L:E



nMCRPQeOMSE aJEKELQAOUyCHMMJTov Ni TAQA
mALRAOUEAAAQHOMRGH sCQMBEOEAAN

TAQETRE oAT Ni yMOQEDNi
Cu!rs>!EAAG =3: =39
CA!TaR!EAAG A3A =39
CA!mOr!EAAH =39 =38
CA!caP!EAAH =3C =38
CA!oOv!EAAH =3= =38
Cu!Otv!EAAH =3< =38
Cs!oO @!EAAH =3= =38
CA!m=r!EAAH =3< =38
Cu!m=n!EAAH =38 =38
CA!O=e!EAAH =3: =38
CA!yat!EAAH L(G =38
Cs!sR< !EAAH =37 =38
CA!rs>!EAAH =39 =38
Cu!TaR!EAAH =37 =38
CA!mOr!EAAI =3< =38
CA!caP!EAAI =38 =38
Cu!oOv!EAAI =38 =38
CA!OtvWEAAI =3: =38
Cu!oO@!EAAI =37 =38
CA!m=r!EAAI =37 =38
Cu!m=n!EAAI =3: =38
CA!O=e!EAAI =36 =37
Cu!yat!EAAI =38 =37
Cu!sR<!EAAI =3: =37
CA!rs>!EAAI =39 =37
CA!TaR!EAAI =39 =37
Cu!mOr!EAAL =36 =37
CA!caP!EAAL =36 =37
CT!oOv!EAAL =39 =37
Cu!Otv!EAAL =3< =37
CA!oO@!EAAL =39 =37
Cu!m=r!EAAL =39 =37
Cu!m=n!EAAL A36 =36
Cu!O=e!EAAL =38 =36
Cu!yat!EAAL =3< =36
CA!sR<!EAAL =3: =36
CA!rs>!EAAL =39 =36
CA!TaR!EAAL <3C =36
CA!mOr!EAAN =35 =35
CA!caP!EAAN <3C =35
CA!oOv!EAAN =38 <3C
CA!Otv!EAAN =38 <3C
Cs!oO @!EAAN =3= <3C
CA!m=r!EAAN =39 <3A
Cu!m=n!EAAN <3A
CA!O=e!EAAN =3<
Cu!yat!EAAN =38
Cu!sR<!EAAN =3=
CA!rs>!EAAN =3=
CA!TaR!EAAN



ibWhfg cebiY \_Y`YagUel sW\bb_8 vU==LMADA
\ZZ_hYag dUeXaYff ZUgU Wb__YWgYX aeb` aYVehUel APPEgb Uce]_ APPM

ZUgY dUeXaYff
aYV8PE EL:D
lUe8PE DJ
Uce8PE GD
lUi8PE JE:L
fha8PE PD
fh_8PE PA:C
Uh[8PE LA:E
sYc8PE PC:E
nWg8PE ACE
mbi8PE ACL:J
ZYW8PE ACE:M
fUa8PG A=M
aYV8PG AJC
lUe8PG G=
Uce8PG A=E
lUi8PG ADM
fha8PG ME
fh_8PG ACE
UuW_8PG PJ
sYc8PG ADC
nWg8PG AAC
mbi8PG ACD
ZYW8PG LJ
fUa8PJ ME
aYV8PJ P=
lUe8PJ AAM
Uce8PJ A=E
lUi8PJ JE
fha8PJ C=M
Uh[8PJ MA
sYc8PJ PJ
nWg8PJ AG=
mbi8PJ JM
ZYW8PJ JE
fUa8PL LE:M
aYV8PL JE
lUe8PL AAC
Uce8PL LJ
lUi8PL ME
fha8PL GM
UuW_8PL LC
sYc8PL EM
nWg8PL JE
mbi8PL LC
ZYW8PL DC
fUa8PM LM
aYV8PM LJ
lUe8PM GJ
Uce8PM EC
lUi8PM ME
fha8PM JE
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s Ofgpi~yzkF 8EED4977COfddfenwsckz fx l~iy~e~s Pwgsikdwek fx Ssdw sev UecsevR~jzwi~wj
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7<789E hi U hsevg~gwi3lgcsev Nsikisd~s cfey~uslvs BOVA
7<79E: hi U hzi~bw3cfyywizwsv ase~lj clvfm~u~selj BOVA
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cfyywizwsv dcyisej
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RESPONSE FOR SEGMENT 1 $

TOTAL STREAMFLOW z 0-0140 MGD
$Ioemufkoi Dksejcrig'

DISTANCE FROM TOTAL DISTANCE DISSOLVED
HEAD OF FROM MODEL OYaGEN eBODu oBODu

SEGMENT $MI-' BEGINNING $MI-' $Mi.L' $Mi.L' $Mi.L'///////////// /////////////// ///////// (((((((( --------
0-000 0-000 6-000 42-500 21-650
0-100 0-100 5-541 41-148 21-419
0-200 0-200 5-267 39-840 21-190
0-300 0-300 5-117 38-573 20-963
0-400 0-400 5-050 37-346 20-739
0-500 0-500 5-039 36-158 20-517
0-600 0-600 5-065 35-008 20-298
0-700 0-700 5-115 33-895 20-081
0-800 0-800 5-180 32-817 19-867
0-900 0-900 5-255 31-774 19-654
1-000 1-000 5-335 30-763 19-444
1-100 1-100 5-418 29-785 19-236
1-200 1-200 5-502 28-838 19-031
1-300 1-300 5-585 27-921 18-827
1-400 1-400 5-668 27-033 18-626
1-500 1-500 5-750 26-173 18-427
1-600 1-600 5-830 25-341 18-230
1-700 1-700 5-907 24-535 18-035

REGIONAL MODELING SaSTEM
08,17,1998 14:59:53



((((((((((((((((((((((((~ )((((((((((((((((((((((((* (((((((((((((((((((((((b(

THE STREAM NAME IS:
THE RIVER BASIN IS:
THE SECTION NUMBER IS:
THE CLASSIFICATION IS:

Cprncel Ruo) UT
Rcqqcjcoopel Rkvgr
III
D

STANDARDS VIOLATED $a.N' = N
STANDARDS APPROPRIATE $a+-4 C a
DISCHARGE WITHIN 3 MILES $a.N' , N

f

PROPOSED
FLOW
BODS
uin
D-O-

LIMITS ARE:
, -014 MGD
, 17 ,(0+
7 L ,(0+
7 G ,(0+

THE NUMBER OF SEGMENTS TO BE MODELED , 1
7Q10 WILL BE CALCULATED Ba: DRAINAGE AREA COMPARISON

THE GAUGE NAME IS: Mkog Ruo ct Rputg 611
GAUGE DRAINAGE AREA • 31-8 SQ-MI-
GAUGE 7Q10 , -051704 MGD
DRAINAGE AREA AT DISCHARGE , 0 SQ-MI-

STREAM A DRa DITCH AT DISCHARGE $a.N' , a
ANTIDEGRADATION APPLIES $a.N' , N
zOCATION DESIGN TEMPERATURE , 22 #C



SEGMENT WIDTH ,
SEGMENT DEPTH ,
SEGMENT VELOCITa ,

-9 FT
-15 FT
-3 FT.SEC

DRAINAGE AREA AT SEGMENT START , 0 SQ-MI-
DRAINAGE AREA AT SEGMENT END , 5-18 SQ-MI-
ELEVATION AT UPSTREAM END , 400 FT
ELEVATION AT DOWNSTREAM END , 320 FT
THE CROSS SECTION IS: RECTANGULAR
THE CHANNEL IS: MODERATELa MEANDERING
POOLS AND RIFFLES $a.N' , N
THE BOTTOM TaPE T SILT
SLUDGE DEPOSITS , NONE
AQUATIC PLANTS , NONE
ALGAE OBSERVED , NONE
WATER COLORED GREEN $a.N' , N

REGIONAL MODELING SaSTEM
08,17,1998 15:00:16



pvspota oc noufZaP ub fXX^ chU_\V Vb``Xag ba T WeTYg cXe`\g Yeb` g[X \XcTeg`Xag bY aai\eba`XagT_ rhT_\gl
g[Tg j\__ T__bj g[X eX_XTfX bY geXTgXW jTfgXjTgXe \agb T jTgXe UbWl \a oeTaZX Zbhagl2 w\eZ\a\T8

pasmfu nVmaP w\eZ\a\T pb__hgTag \\fV[TeZX a_\`\aTg\ba tlfgX` pXe`\g 7 yTfgXjTgXe \ffhXW Ul \ar2 haWXe g[X
Thg[be\gl bY g[X tgTgX yTgXe Zbageb_ WbTeW

VpplfZVnu nVma2 V\\satt Vn\ pasmfu nvmWasP oeTaZX Zbhagl tV[bb_ WbTeW2A<< \T\_Xl \e\iX2 oeTaZX2
wV AAMG<2wV<<JL=C=

nVma Vn\ V\\satt oc cVZflfu•P lbVhfg debiX a_X`XagTel tV[bb_ yTfgXjTgXe ueXTg`Xag p_Tag2 C=AC<
Zbafg\ghg\ba e\Z[jTl2 oeTaZX2 wV AAMG<

psohaZu \atZsfpufonP oeTaZX Zbhagl tV[bb_ WbTeW [Tf Tcc_\XW Ybe T eX\ffhTaVX bY T cXe`\g Ybe g[X chU_\V
lbVhfg debiX a_X`XagTel tV[bb_ yTfgXjTgXe ueXTg`Xag p_Tag8 u[X Tcc_\VTag cebcbfXf gb eX_XTfX geXTgXW fXjTZX
jTfgXjTgXef Yeb` fV[bb_ TeXTf Tg T eTgX bY <8<=D `\__\ba ZT__baf cXe WTl \agb T jTgXe UbWl8 u[X f_hWZX j\__ UX
W\fcbfXW bY Ul geTafcbeg\aZ \g gb g[X mTffTcbaTk yTfgXjTgXe ueXTg`Xag p_Tag -wV<<AEGEL. \a tcbgfl_iTa\T Zbhagl8
u[X YTV\_\gl cebcbfXf gb eX_XTfX g[X geXTgXW fXjTZX \a g[X Zbe`TV^ sha2 vu \a oeTaZX Zbhagl \a g[X sTccT[TaabV^
s\iXe jTgXef[XW8 V jTgXef[XW \f g[X _TaW TeXT WeT\aXW Ul T e\iXe TaW \gf \aVb`\aZ fgeXT`f8 u[X cXe`\g j\__ _\`\g g[X
Yb__bj\aZ cb__hgTagf gb T`bhagf g[Tg cebgXVg jTgXe dhT_\glP ce2 VWo\2 ubgT_ sXf\WhT_ Z[_be\aX2 ubgT_ thfcXaWXW
tb_\Wf2 ubgT_ i]X_W[T_ n\gebZXa -uin.2 \\ffb_iXW oklZXa2 TaW ., ATICUTVgXe\T

eoy uo Zommanu Vn\:os sarvatu V pvWlfZ eaVsfndP \ar TVVXcgf Vb``Xagf TaW eXdhXfgf Ybe chU_\V
[XTe\aZ UlX7`T\_2 YTk be cbfgT_ `T\_8 V__ Vb``Xagf TaW eXdhXfgf `hfg UX \a je\g\aZ TaW UX eXVX\iXW Ul \ar Whe\aZ
g[X Vb``Xag cXe\bW8 thU`\ggT_f `hfg \aV_hWX g[X aT`Xf2 `T\_\aZ TWWeXffXf TaW gX_Xc[baX ah`UXef bY g[X
Vb``XagXe:eXdhXfgXe TaW bY T__ cXefbaf eXceXfXagXW Ul g[X Vb``XagXe:eXdhXfgXe8 V eXdhXfg Ybe chU_\V [XTe\aZ `hfg
T_fb \aV_hWXP =. u[X eXTfba j[l T chU_\V [XTe\aZ \f eXdhXfgXW8 A. V Ue\XY2 \aYbe`T_ fgTgX`Xag eXZTeW\aZ g[X aTgheX TaW
XkgXag bY g[X \agXeXfg bY g[X eXdhXfgXe be bY g[bfX eXceXfXagXW Ul g[X eXdhXfgbe2 \aV_hW\aZ [bj TaW gb j[Tg XkgXag fhV[
\agXeXfg jbh_W UX W\eXVg_l TaW TWiXefX_l TYYXVgXW Ul g[X cXe`\g8 C. tcXV\Y\V eXYXeXaVXf2 j[XeX cbff\U_X2 gb gXe`f TaW
VbaW\g\baf bY g[X cXe`\g j\g[ fhZZXfgXW eXi\f\baf8 \ar `Tl [b_W T chU_\V [XTe\aZ2 \aV_hW\aZ Tabg[Xe Vb``Xag cXe\bW2
\Y chU_\V eXfcbafX \f f\Za\Y\VTag TaW g[XeX TeX fhUfgTag\T_2 W\fchgXW \ffhXf eX_XiTag gb g[X cXe`\g8

ZonuVZu cos pvWlfZ Zommanut2 \oZvmanu sarvatut Vn\ V\\fufonVl fncosmVufonP u[X chU_\V
`Tl eXi\Xj g[X WbVh`Xagf Tg g[X \ar7nbeg[Xea sXZ\baT_ oYY\VX Ul Tccb\ag`Xag8
nT`XP hbTa Z8 Zebjg[Xe
VWWeXffP \ar7nbeg[Xea sXZ\baT_ oYY\VX2 =CM<=Zebja Zbheg2 ybbWUe\WZX2 wV AA=MC
p[baXP -J<C. ELC7CMAE a7`T\_P]VVebjg[XeUWXd8i\eZ\a\T8Zbi cTkP -J<C. ELC7CLD=

mailto:jccrowther@deq.virginia.gov
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tXZ`Xag UXZ\af Tg g[X VbaY_hXaVX j\g[ Zbe`TV^ sha2 Tccebk\`TgX_l <8Ge\iXe`\_X hcfgeXT` bY sbhgX A<2TaW

Vbag\ahXf WbjafgeXT` hag\_ g[X VbaY_hXaVX j\g[ g[X sTc\WTa s\iXe8

apV ZTgXZbel DVPf`cT\eXW be g[eXTgXaXW Ybe baX be `beX WXf\ZaTgXW hfXf Uhg WbXf abg eXdh\eX T um\l

UXVThfX g[X um\l Ybe fcXV\Y\V cb__hgTag-f. \f Vb`c_XgX TaW vt apV TccebiXW8

deTm\aZ \a s\cTe\Ta be t[beX_\aX RbaXfQ f`cTVgf Yeb` lTaW Vcc_\VTg\ba bY yTfgXfQ l\iXfgbV^ -deTm\aZ be

cXXW\aZ ocXeTg\baf.Q shabYY Yeb` cbeXfg:deTff_TaW:pTe^_TaWQ tXjTZX \\fV[TeZXf \a vafXjXeXW VeXTfQ

yTfgXf Yeb` pXgfQ yTgXeYbj_Q y\_W_\YX og[Xe g[Ta yTgXeYbj_



\ar Y\f[ g\ffhX:fXW\`Xag fgTg\ba C7mfs<<D8<< TaW T`U\Xag jTgXe dhT_\gl `ba\gbe\aZ fgTg\ba C7mfs<<D8<E2

Ubg[ Tg sbhgX G==8Z\g\mXa `ba\gbe\aZ fgTg\baf Cmfs7<A7vsyp TaW Cmfs7<A7t<t2 j[\V[ Ybe`Xe_l hfXW g[X

\aVbeeXVg fgeXT` VbWX mfn8 u[X VbeeXVg\ba jTf `TWX Ybe g[X A<<G TffXff`Xag8

e\fgbe\VT_ nbgXP u[\f fXZ`Xag jTf \aV_hWXW \a VggTV[`Xag Z -p_T\ag\YY,f _\fg bY jTgXef g[Tg jXeX TWWXW gb g[X

C<C-W. _\fg \a A<<A. Ybe YXVT_ Vb_\Ybe`8

a8Vb_\ `ba\gbe\aZ Y\aWf T UTVgXe\T_ \`cT\e`Xag2 eXfh_g\aZ \a Ta \`cT\eXW V_Tff\Y\VTg\ba Ybe g[X eXVeXTg\ba hfX8 V

UTVgXe\T um\l Ybe g[X m\aX sha jTgXef[XW jTf fhU`\ggXW gb g[X v8t8 apV TaW TccebiXW nbiX`UXe =E2A<<E8

u[X fbheVXf bY UTVgXe\T eXdh\e\aZ eXWhVg\baf TeX cXg2 _\iXfgbV^ TaW j\_W_\YX jTfgX WX_\iXeXW W\eXVg_l gb g[X

fgeXT` be i\T cTfgheX_TaW be YbeXfg2 [h`Ta Vbage\Uhg\baf Yeb` fgeT\Z[g c\cXf TaW YT\_\aZ fXcg\V flfgX`f2 TaW

U\bfb_\W Tcc_\VTg\ba8

Z\g\mXa `ba\gbe\aZ Y\aWf T _bj cebUTU\_\gl bY TWiXefX VbaW\g\baf Ybe U\bgT8 u[X TdhTg\V _\YX2 Y\f[ Vbafh`cg\ba2

TaW j\_W_\YX hfXf TeX Vbaf\WXeXW Yh__l fhccbeg\aZ8

A<<A um\l f\ Ybe g[\f fXZ`Xag jTf wVn7a=Js7<=8 tXZ`Xag jTf Ybe`Xe_l \WXag\Y\XW j\g[ T UTVgXe\T_

\`cT\e`Xag WhX gb XkVXXWTaVXf bY g[X YXVT_ Vb_\Ybe` Ve\gXe\ba2 j[\V[ \f ab _baZXe Tcc_\VTU_X gb g[\f eXTV[2 Tf

Tg _XTfg gjX_iX a8Vb_\ fT`c_Xf [TiX UXXa Vb__XVgXW8



WXZ\af Tg g[X VbaY_hXaVX j\g[ Zbe`TV^ sha2 Tccebk\`TgX_l <8Ge\iXe`\_X hcfgeXT` bY
sbhgX A<2TaW Vbag\ahXf WbjafgeXT` hag\_ g[X VbaY_hXaVX j\g[ g[X sTc\WTa s\iXe8

oeTaZX Zb8

sXVeXTg\ba

Z\gl:Zbhagl

vfX-f.P

ZThfX-f. : afV[Xe\V[\T Vb_\ :DV
wV ZTgXZbelP
a8 Vb_\ UTVgXe\T Ve\gXe\ba XkVhef\baf -J bY =MfT`c_Xf 7CG8L'. Yeb` fgTg\ba C7mfs<<D8<E2Tg sbhgX G==8

yTgXe
aT`X

ZThfX
ZTgXZbel

ZThfX
nT`X

ZlV_X
c\efg

l\fgXW

um\l
tV[XWh_X

wVn7
a=JsSmfs<=Voo

m\aX
gle

tXZ`Xag UXZ\af Tg g[X VbaY_hXaVX
j\g[ Zbe`TV^ sha2 Tccebk\`TgX_l <8G
e\iXe`\_X hcfgeXT` bY sbhgX A<2TaW
Vbag\ahXf WbjafgeXT` hag\_ g[X
VbaY_hXaVX j\g[ g[X sTc\WTa s\iXe8

afV[Xe\V[\T
Vb_\

afghTel
-fd8 `\_Xf.

sXfXeib\e
-TVeXf.

s\iXe
-`\_Xf.

afV[Xe\V[\T Vb_\ : DV
ubgT_ \`cT\eXW f\mX Ul jTgXe glcXP

o deTm\aZ \a s\cTe\Ta be t[beX_\aX RbaXf
o f`cTVgf Yeb` lTaW Vcc_\VTg\ba bY yTfgXf
o l\iXfgbV^ -deTm\aZ be cXXW\aZ ocXeTg\baf.
o shabYY Yeb` cbeXfg:deTff_TaW:pTe^_TaW
o tXjTZX \\fV[TeZXf \a vafXjXeXW VeXTf
o yTfgXf Yeb` pXgf
o yTgXeYbj_
o y\_W_\YX og[Xe g[Ta yTgXeYbj_

0 nTeeTg\iX WXfVe\cg\baf2 _bVTg\ba TaW V\gl:Vbhagl WXfVe\UX g[X Xag\eX XkgXag bY g[X \`cT\e`Xag8 t\mXf `Tl abg
eXceXfXag g[X gbgT_ f\mX bY g[X \`cT\e`Xag8
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Uesuufivseuw n~kz kzw bdM wjkstc~jzwv twknwwe kzw Ofddfenwsckz fx l~iy~e~s sev kzw ke~kwv hkskwj Qem~ifedweksc
eifkwuk~fe Myweup3 gwy~fe UUU3kzw Ofddfenwsckz jltd~kj kzw xfccfn~eyvisxk csk~fesc efcclksek P~juzsiyw Qc~d~esk~fe
hpjkwd 0cePQh1 gwid~k xfi Myweup iwm~wnsev ufeuliiweuw5

Rsu~c~kpcsdwF
cePQh ewid~k cldtwiF
ewid~k mi~kwi csdwF
PskwF

afuljk Sifmw Qcwdweksip huzffc msjkwnskwi iiwskdwek ecsek
lM77CD8:8
Wfse O5 Oifnkzwi

Pwuwdtwi E3977D

aM5 Pisxk ewid~k esubsyw hltd~kksc UeuclvwjF owj cf c6M
85 ewid~k Mggc~usk~feJ ~
95 Ofdgcwkw Pisxk ewid~k 0xfi iwewnsc fi x~ijk k~dwgwid~k 4 wek~iwgwid~k3 ~euclv~ey tf~cwigcskw

~
~exfidsk~fe1J

:5 Ofgp fx eltc~u cfk~uwJ ~
<5 Ofdgcwkw Rsuk hzwwkJ ~
=5 M ei~fi~kp efcclksek huiwwe~ey kf vwkwid~ewgsisdwkwij fx ufeuwieJ ~
A5 M gwsjfestcw efkwek~sc sescpj~j jzfn~ey usculcskwv mfNQajJ ~
C5 P~jjfcmwv dopywe usculcsk~fejJ ~
D5 mzfcw Qxxclwekifo~u~kp iwjk jlddsip sev sescpj~jJ ~
E5 ewid~k gsk~ey hzwwk xfi ewn fi dfv~x~wv~evljki~sc xsu~c~k~wjJ ~

aN5 ewid~k6Rsu~c~kp Ozsisukwi~jk~uj owj cf c6M
85 Ujkz~j s ewn3 fi uliiwekcp legwid~kkwv xsu~c~kpJ ~
95 Miw sccgwid~jj~tcw flkxsccj 0~euclv~eyufdt~ewv jwnwi fmwixcfn gf~ekj3 efe4gifuwjj nskwi sev

~
jkfid nskwi1 xifd kzw xsu~c~kpgifgwicp ~vwek~x~wvsev slkzfi~qwv ~e kzw gwid~kJ

:5 Pfwj kzw xsuk jzwwk fi gwid~k ufeks~e s vwjui~gk~fe fx kzw nsjkwnskwi kiwskdwek gifuwjjJ ~
<5 Pfwj kzw iwm~wnfxeOh6Pbg vsks xfi sk cwsjk kzw csjk : pwsij ~ev~uskwj~ye~x~usekefe4

~ufdgc~seuw n~kz kzw wo~jk~eygwid~kJ
=5 Tsj kzwiw twwe sep uzseyw ~e jkiwsdxcfn uzsisukwi~jk~uj j~euwkzw csjk gwid~k nsj vwmwcfgwvJ ~
A5 Pfwj kzw gwid~k sccfn kzw v~juzsiyw fx ewn fi ~euiwsjwv cfsv~eyj fx sep gfcclksekjJ ~
C5 Pfwj kzw xsuk jzwwk fi gwid~k gifm~vw s vwjui~gk~fe fx kzw iwuw~m~eynskwi tfvp0j1 kf nz~uz kzw

xsu~c~kpv~juzsiywj3 ~euclv~ey ~exfidsk~fe fe cfn6ui~k~uscxcfn ufev~k~fej sev ~
vwj~yeskwv6wo~jk~eyljwjJ

D5 Pfwj kzw xsu~c~kpv~juzsiyw kf s :7:0v1 c~jkwvnskwiJ ~
s5 Tsj s ibPa twwe vwmwcfgwvsev sggifmwv tp Qe M xfi kzw ~dgs~iwv nskwiJ ~
t5 Pfwj kzw iwufiv ~ev~uskwkzsk kzw ibPa vwmwcfgdwek ~j fe kzw hkskw gi~fi~kp c~jksev n~cc

~dfjk c~bwcptw vwmwcfgwvn~kz~e kzw c~xwfx kzw gwid~kJ
u5 Pfwj kzw xsu~c~kpv~juzsiyw s gfcclksek fx ufeuwie ~vwek~x~wv~e kzw ibPa fi

~:7:0v1 c~jkwvnskwiJ
E5 Tsmw sep c~d~kjtwwe iwdfmwv3 fi siw sep c~d~kjcwjjjki~eywek3 kzse kzfjw ~e kzw uliiwek gwid~kJ ~
875 Pfwj kzw gwid~k slkzfi~qw v~juzsiywj fx jkfid nskwiJ ~



F7. OsLGDN0CWXDFDNQ8CWLWXNsLDMNDXM- XIHN. f

UsM f c6M
2

f LI
885Tsj kzw xsu~c~kpjltjksek~sccp wecsiywvfi sckwiwv~kjfgwisk~fefi jltjksek~sccp ~euiwsjwv~kjxcfn

f
nfi gifvluk~feJ

895Miwkzwiwsep gifvluk~fe4tsjwv3kwuzefcfyp4tsjwvwxxclwekc~d~kj~ekzwgwid~kJ n

f
8:5 Pf sep nskwi hlsc~kp4tsjwvwxxclwekc~d~kusculcsk~fejv~xxwixifd kzwhkskw.j jksevsiv gfc~u~wj

nf fi gifuwvliwjJ
f 8<5Miwsep mfNQaj tsjwv fe se ~ekwigiwksk~fefx esiisk~mwui~kwi~sJ nf

8=5Pfwj kzwgwid~k~eufigfiskwsep msi~seuwjfi fkzwi wouwgk~fejkf kzwhkskw.j jksevsivj fi
niwylcsk~fejJ

8A5Pfwj kzwgwid~kufeks~e s ufdgc~seuwjuzwvlcwxfi sep c~d~kfi ufev~k~feJ n
8C5Ujkzwiws gfkwek~sc~dgsuk kf wevseywiwv6kziwskwewvjgwu~wjfi kzw~izst~ksk tp kzwxsu~c~kp.j

nv~juzsiyw0j1J
8D5Tsmw ~dgsukj xifd kzwv~juzsiyw0j1sk vfnejkiwsd gfkstcw nskwi jlggc~wjtwwewmsclskwvJ n
8E5Ujkzwiwsep ~ev~usk~fekzsk kzwiw~jj~ye~x~usekgltc~u ~ekwiwjk~ekzwgwid~ksuk~fegifgfjwv xfi

nkz~j xsu~c~kpJ
975Tsmw giwm~fljgwid~k3sggc~usk~fe3sev xsuk jzwwktwwewosd~ewvJ n



QsBDIH EEELO9AR OsLGDN POWFDNQ 8CsXEFDMN - AIL ONSTM
-2A 58 6A?B>8E87 4@7 <@6>F787 <@ E;8 C86AC7 A@>I9AC /.23D4

EE.6. OsLGDN 8IPsL OWBs06YGDHDMNLWNDIH
85 Pfwj kzw xsuk jzwwkfi gwid~kvwjui~twkzwgzpj~usc cfusk~fefx kzwxsu~c~kp3~euclv~eycsk~klvw

sev Ufe ~klvw efk ewuwjjsi~cfe wid~kufmwi s wJ
95 Pfwj kzwgwid~kufeks~e jgwu~x~uslkzfi~qsk~fe4kf4v~juzsiyw~exfidsk~fe0xifdnzwiwkf nzwiw3

t nzfdJ

EE.7. AAAFOsHN FDGDNM - DsHsLWFAFsGsHNM UsM LI n:V
U5 Pfwj kzwxsuk jzwwkvwjui~twkzwtsj~j fx x~escc~d~kj~ekzwgwid~k0w5y53kzsk s ufdgsi~jfe fx

kwuzefcfypsev nskwi hlsc~kp4tsjwvc~d~kjnsj gwixfidwv3sev kzwdfjk jki~eywekc~d~k ~
jwcwukwv1J

95 Pfwj kzwxsuk jzwwkv~juljjnzwkzwi!sek~tsubjc~v~ey!gifm~j~fejnwiwdwk xfi sep c~d~kjkzsk
~siwcwjjjki~eywekkzse kzfjw ~ekzwgiwm~fljcePQh gwid~kJ

EE.8. SsXCHIFIBQ-7WMsYAAAFOsHN FDGDNM (ONSTM)
85 Pfwj kzwgwid~kufeks~e eldwi~uc~d~kjxfiMaa fx kzwxfccfn~eyFNdP 0fi sckwiesk~mw3w5y53

ONdP3 OdP3 idO 3ihh3 sev TJ
95 Pfwj kzwgwid~kiwhl~iwsk cwsjkD=, iwdfmscxfi NdP 0fi NdP sckwiesk~mw1sev ihh 0fi A=,

xfi w l~mscwekkf jwufevsi 1ufej~jkwekn~kz <7 ORg esik 8::J
s5Uxef3vfwjkzwiwufiv~ev~uskwkzsk sggc~usk~fefx mfNQaj3 fi jfdw fkzwi dwsej3iwjlckj~e

dfiw jki~eywekiwhl~iwdwekjkzse D=, iwdfmscfi kzsk se wouwgk~feufej~jkwekn~kz <7 ORg
8::587: zsj twwes ifmwvJ

:5 Miwkwuzefcfyp4tsjwvgwid~kc~d~kjwogiwjjwv~ekzwsggifgi~skw le~kjfx dwsjliw0w5y53
ufeuwekisk~fe3dsjj3 hk J

<5 Miwgwid~kc~d~kjxfiNdP sev ihh wogiwjjwv~ekwidj fxtfkz cfey kwid 0w5y53smwisyw
dfekzc sev jzfik kwid w553smwis wnwwb~ c~d~kjJ

=5 Miwsep ufeuwekisk~fec~d~ksk~fej~ekzwgwid~kcwjjjki~eywekkzse kzwjwufevsip kiwskdwek
iwhl~iwdwekj0:7 dy6cNdPh sev ihh xfi s :74vsp smwisywsev <= dy6UNdPh sev ihh xfi s
C4vs smwis wJ
s5 Uxpwj3vfwjkzwiwufivgifm~vws •ljk~x~usk~fe0w5y53nsjkw jkst~c~qsk~fegfev3 ki~ubc~eyx~ckwi3

wku5xfi kzwsckwieskwc~d~ksk~fejJ

UsM LI c6M

n

n

n

n

n

n

n

EE.9. TWNsL POWFDNQ-7WMsYAAAFOsHN FDGDNM UsM LI c6M
85 Pfwj kzwgwid~k~euclvwsggifgi~skw c~d~ksk~fejufej~jkwekn~kz <7 ORg 8995<<0v1ufmwi~ey

nhkskw esiisk~mwsev eldwi~uui~kwi~sxfinskwi hlsc~kpJ
95 Pfwj kzwxsuk jzwwk~ev~uskwkzsk sep mfNQaj nwiwvwi~mwvxifd s ufdgcwkwvsev QeM

nsggifmwv ibPaJ
:5 Pfwj kzw xsuk jzwwkgifm~vwwxxclwekuzsisukwi~jk~ujxfi wsuz flkxsccJ n f","

<5 Pfwj kzwxsuk jzwwkvfuldwek kzsk s !iwsjfestcw gfkwek~sc!wmsclsk~fensj gwixfidwvJ n 8
s5Uxpwj3vfwjkzwxsuk jzwwk~ev~uskwkzsk kzw!iwsjfestcw gfkwek~sc!wmsclsk~fensj gwixfidwv

n~esuufivseuwn~kz kzw hkskw.j sggifmwv gifuwvliwjJ
t5 Pfwj kzwxsuk jzwwkvwjui~twkzwtsj~j xfi sccfn~eyfi v~jsccfn~ey~e4jkiwsdv~clk~fefi s

nd~o~eyqfewJ
u5Pfwj kzwxsuk jzwwkgiwjwekmaM usculcsk~fegifuwvliwjxfi sccgfcclksekj kzsk nwiwxflev kf

nzsmw !iwsjfestcwgfkwek~sc!J
v5Pfwj kzwxsuk jzwwk~ev~uskwkzsk kzw!iwsjfestcw gfkwek~sc!sev maM usculcsk~fejsuuflekwv

xfi ufeki~tlk~fej xifd lgjkiwsd jfliuwj0~5w53vf usculcsk~fej~euclvwsdt~wek6tsubyiflev n
ufeuwekisk~fej1J

w5Pfwj kzwgwid~kufeks~e eldwi~uwxxclwekc~d~kjxfi sccgfcclksekj xfinz~uz !iwsjfestcw
ngfkwek~sc!nsj vwkwid~ewvJ



EE.9. TWNsL POWFDNQ-7WMsYAAAFOsHN FDGDNM - XIHN.
&t Miwscc x~escmfNQaj ~e kzw gwid~k ufej~jkwek n~kz kzw •ljk~x~usk~fe sev6fi vfuldweksk~fe

ifm~vwv ~e kzw xsuk jzwwkJ
A5 Rfi sccx~escmfNQaj3 siw NdiT cfey4kwid McP jzfik4kwid wxxclwekc~d~kjwjkstc~jzwvJ
C5 Miw mfNQaj wogiwjjwv ~e kzw gwid~k lj~ey sggifgi~skw le~kj fx dwsjliw 0w5y53dsjj3

ufeuwekisk~fe J
D5 Pfwj kzw iwufiv ~ev~uskwkzsk se !sek~vwyisvsk~fe! iwm~wnnsj gwixfidwv ~e suufivseuw n~kz

kzw hkskw.j s ifmwv sek~vw isvsk~fe fc~u J

EE.A.IIHDNILDHB WHYQsJILNDHB QsKODLsGsHNM UsM LI c6M
85 Pfwj kzw gwid~k iwhl~iwsk cwsjk seelsc dfe~kfi~ey xfi sccc~d~kwvgsisdwkwij sev fkzwi ~

dfe~kfi~ey sj iwhl~iwvtp hkskw sev Rwvwisciwylcsk~fejJ
s5 Uxef3 vfwj kzw xsuk jzwwk ~ev~uskwkzsk kzw xsu~c~kpsggc~wv xfi sev nsj yisekwv s dfe~kfi~ey ~

ns~mwi3McP3 vfwj kzw gwid~k jgwu~x~usccp~eufigfiskw kz~j ns~mwiJ
95 Pfwj kzw gwid~k ~vwek~xokzw gzpj~usc cfusk~fe nzwiw dfe~kfi~ey ~j kf tw gwixfidwv xfi wsuz ~

flkxsccJ
:5 Pfwj kzw gwid~k iwhl~iwsk cwsjk seelsc ~exclwekdfe~kfi~ey xfi NdP 0fi NdP sckwiesk~mw1sev

~
ihh kf sjjwjj ufdgc~seuw n~kz sggc~ustcw gwiuwek iwdfmsc iwhl~iwdwekjJ

<5 Pfwj kzw gwid~k iwhl~iwkwjk~ey xfi mzfcw Qxxclwekifo~u~kpJ ~

EE.C.RJsXDWF8IHYDNDIHM
85 Pfwj kzw gwid~k ~euclvwsggifgi~skw t~fjfc~vj ljw6v~jgfjsc iwhl~iwdwekjJ
95 Pfwj kzw wid~k ~euclvws if i~skw jkfid nskwi if isd iw l~iwdwekjJ

UsM
n

EE.C.RJsXDWF8IHYDNDIHM - XIHN. UsM LI c6M
:5 Uxkzw gwid~k ufeks~ej ufdgc~seuw juzwvlcw0j13siw kzwp ufej~jkwek n~kz jksklkfip sev iwylcskfip

~
vwsvc~ewjsev iwhl~iwdwekjJ

<5 Miw fkzwi jgwu~sc ufev~k~fej 0w5y53sdt~wek jsdgc~ey3 d~o~ey jklv~wj3iUQ6igQ3 Nbej3 jgwu~sc
~

jklv~wj1 ufej~jkwek n~kz OmM sev cePQh iwylcsk~fejJ
&t Pfwj kzw gwid~k sccfn6slkzfi~qw v~juzsiyw fx jse~ksip jwnsyw xifd gf~ekj fkzwi kzse kzw edim

~
flkxscc0j1fi Ohd flkxsccj q~5w53hse~ksip hwnwi dmwixcfnj 0hhdj1 fi kiwskdwek gcsek tpgsjjwjcJ

G8 Pfwj kzw gwid~k slkzfi~qw v~juzsiywj xifd Ofdt~ewv hwnwi dmwixcfnj 0Ohdj1J ~
s5 Pfwj kzw gwid~k iwhl~iw~dgcwdweksk~fe fx kzw !c~ew b~e~dld Ofekifcj!J ~
t5 Pfwj kzw gwid~k iwhl~iwvwmwcfgdwek sev ~dgcwdweksk~fe fx s !afey iwid Ofekifc ecse!J ~
u5 Pfwj kzw gwid~k iwhl~iwdfe~kfi~ey sev iwgfik~ey xfi Ohd wmwekjJ ~

J8 Pfwj kzw gwid~k ~euclvwsggifgi~skw eiwkiwskdwek eifyisd iwhl~iwdwekjJ ~

EE.D. RNWHYWLY8IHYDNDIHM UsM LI c6M
85 Pfwj kzw JsLGDN ufeks~e scc<7 ORg 8995<8 jksevsiv ufev~k~fej fi kzw hkskw whl~mscwek0fi t,<

~
dfiw jki~eywek1 ufev~k~fejJ 663

FDMN IA RNWHYWLY8IHYDNDIHM - 41 8CQ 233.42
Plkp kf ufdgcp eifgwikp i~yzkj gwgfik~ey gwhl~iwdwekj
Plkp kf iwsggcp Plkp kf gifm~vw ~exfidsk~fe ecseewv uzseyw
cwwv kf zsck fi iwvluw suk~m~kp Uejgwuk~fej sev wekip Mek~u~gskwv efeufdgc~seuw

efk s vwxwejw bfe~kfi~ey sev iwufivj iisejxwij
Plkp kf d~k~yskw h~yeskfip iwhl~iwdwek bfe~kfi~ey iwgfikj
eifgwi 7 - b Npgsjj Ofdgc~seuw juzwvlcwj
ewid~k suk~fej kgjwk 9<4Tfli iwgfik~ey

dkzwi efe4ufdgc~seuw

95 Pfwj kzw gwid~k ufeks~e kzw svv~k~fesc jksevsiv ufev~k~fe 0fi kzw hkskw whl~mscwekfi dfiw
jki~eywek ufev~k~fej1 xfi edim j iwysiv~ey efk~x~usk~fe fx ewn ~ekifvluk~fe fx gfcclksekj sev ~
ewn ~evljki~sc ljwij q<7 ORg 8995<90t1rJ



Nsjwvfe s iwm~wnfxkzwvsks sev fkzwi~exfidsk~fejltd~kkwvtp kzwgwid~ksggc~usek3sev kzwvisxk gwid~ksev fkzwisvd~e~jkisk~mw
iwufivjywewiskwvtp kzwPwgsikdwek6P~m~j~fesev6fi dsvw sms~cstcwkf kzwPwgsikdwek6P~m~j~fe3kzw~exfidsk~fegifm~vwvfe kz~j
uzwubc~jk~jsuuliskw sev ufdgcwkw3kf kzwtwjk fx dp befncwvyw5


